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PREFACE TO THE EIGHTH EDITION 


The reception of preceding editions of Formulating X-Ray Tech- 
niques has been overwhelming and most gratifying. The acceptance 
of standard radiographic principles and teaching methods has been 
more rewarding. 

Radiographic exposure techniques need revising from time to 
time. The trends toward standardization in the Radiology Department 
and diversification of exposure factors to meet the problems at 
hand have brought about changes in modern radiographic tech- 
nique. The swing toward the use of higher kilovoltages, new film 
emulsions, and new processing chemistry has necessitated changes 
in formulating techniques. Radiographic machine characteristics 
have created density and contrast differences from room to room in 
the same department. Specialization of various divisions and sub- 
specialties in radiology have caused various technical changes. 
Yet, as before, this book is intended to be a compact text on radio- 
graphic exposure, radiographic fundamentals and technique con- 
versions, with particular emphasis on the fundamental factors that 
directly and indirectly affect radiographic exposure technique. 

We have deleted many charts which were considered to be super- 
fluous and have added others which we believe to offer a more 
scientific approach to the fundamentals of radiologic technology. 
To make room for valuable new material, superseded material, 
glossary, and tables have been compressed or omitted. Few will 
regret this exchange. Duplication of some material will be found in 
various chapters. Such duplication has been found to be helpful in 
emphasizing to the student and the instructor the importance and 
application of the material. 

New material will be found here concerning density versus con- 
trast, the photographic effect, and charting radiographic exposure. 
A new chapter (11) on the history of various systems of exposure 
technique should be of some interest, and a new chapter on Pa- 
thology and Injury (9), a new selection on secondary radiation fog, 
the reciprocity law, kilovoltage-Ma.S. conversion factors, a simplified 
explanation of the inverse square law, new material on intensifying 
screens, many new charts on technique and technique conversion, 
new sections on radiation dosage tables, and new exposure systems 
have all been added to this eighth edition. 

The brevity of this book may shock those who have been encour- 
aged to believe that good radiographic technique may be bought by 
the page, pound, or hour—or obtained in any way except through 
experience. | have paid for hundreds of lessons by means of hours 
of hard work and repeated experiments for thirty-five years. | have 
been fortunate in being associated at national and state meetings 
with some of the best men and women in the field, who have taught 
me not only the foundations of radiologic technology and the basic 
principles involved but also how to learn. As | have discussed radio- 
logic technology and at times even argued over it with them, | have 
continued to be the student. Simplicity, concentration, and economy 
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of time and effort have been the distinguishing features of the 
teaching methods of the fine persons who have added to what | 
consider my knowledge of the field. 

| have often thought of those who might have been great ‘‘chiefs”’ 
and superb teachers and administrators, as well as radiology asso- 
ciates, had they only been able to master the simple and indispens- 
able elements of the basic principles involved in technique. 

Instead of being in my classroom, you are reading my book. That 
puts me at a disadvantage in my endeavor to teach you the art and 
science of formulating X-ray techniques and the basic principles 
involved in radiographic exposure. The most effective instruction 
obviously calls for a partnership of pupil and instructor that is best 
achieved by close association, not only in the classroom, but in the 
radiographic room. Nevertheless, | think that | have come as close as 
| can to doing my share on these pages. The rest is up to the reader. 
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Chapter 1. RADIOGRAPHIC FILM 


The radiographic techniques with which this book is concerned are those 
applied by the radiologic technologist in producing a diagnostic medical 
radiograph. 

Radiography is essentially photography. The only difference between the 
two is the means employed for exposing the film and producing a latent 
image’ which by subsequent processing yields a visible diagnostic image. In 
ordinary photography visible light is employed, and in radiography invisible 
light is employed. With photography longer wave lengths, which occur in 
visible light, are employed; but in producing a radiograph the short wave 
lengths— x-rays and other forms of radiation—are employed. However, the 
manner in which radiographic film is exposed is fundamentally the same as 
in photography. 

The ordinary photograph is a positive, but the radiograph is a negative. In 
a negative the blackest or darkest areas on the film correspond to the light- 
est areas in the object being radiographed. Generally speaking the radio- 
graph is always the negative, but an exception is the Polaroid radiograph, 
for which the original is a positive. To observe the difference, compare Fig- 
ures 1.9 and 1.10. In the many radiographs reproduced as illustrations in this 
book, notice how the opaque parts of the body — particularly the bone—show 
up as lighter shaded areas, whereas there may often be a region surrounding 
the image of the object that registers as quite black, where little more than 
air absorption? has restricted some passage of the radiant energy. 


COMPOSITION OF RADIOGRAPHIC FILM 


Radiographic film consists of an emulsion of finely precipitated silver 
bromide crystals suspended in gelatin that is coated on both sides of a 
transparent cellulose support called the film base. The film base furnishes 
support for the emulsion and provides the proper amount of stiffness for 
handling. The basic ingredients of a radiographic film are (a) the film base 
and (b) the emulsion. 

The emulsion is basically made of gelatin containing silver bromide 
crystals. The purpose of the silver emulsion is to absorb radiation during 
radiographic exposure and produce a latent image. The degree of exposure 
depends on the intensity of the radiation emerging from the object (remnant 
radiation) that is reaching the radiographic film. 

1. Latent image: the image produced on photographic or radiographic film by the action of light or radiant energy 
before processing. 


2. Air absorption: the amount of absorption by air of x-ray wave lengths before they reach the part being radio- 
graphed. 
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Silver emulsion 


The silver bromide crystals in the emulsion are made by dissolving silver 
metal in nitric acid. The product of this chemical reaction is silver nitrate. 
The silver nitrate is then combined with potassium bromide to form silver 
bromide crystals. 

The silver bromide crystals are mixed with gelatin to form the x-ray film 
emulsion. When examined under the microscope, the emulsion shows itself 
to be made up of countless tiny crystals of silver bromide embedded in the 
gelatin. Upon exposure and development, these crystals are changed into 
irregular clumps and strands of black metallic silver that, as a whole, com- 
pose the radiographic image. 


Gelatin 


Gelatin is chemically a colloid. When placed in water, it will absorb a vol- 
ume of water several times its dry bulk and become soft and flexible. Though 
in water at high temperature gelatin will liquefy and go into solution, it will 
not dissolve in cold water. 

These characteristics make gelatin a useful constituent of the x-ray film 
emulsion. Incorporated in the emulsion, it swells considerably in a cool 
solution without dissolving, and thus it allows the processing chemicals to 
act easily on the silver bromide crystals embedded in the emulsion. The fix- 
ing bath (hypo) can then remove the unexposed crystals and can harden and 
shrink the gelatin containing the metallic silver that is left. 


Double coating 


Each emulsion layer is about one thousandth of an inch thick. Since x-rays 
pass readily through x-ray films—and also through x-ray intensifying screens 
when these are used —both sides of the film base are given an emulsion coat- 
ing. The effect of exposure to x-rays is thus greater than would be possible 
with an emulsion coated on only one side. 


TYPES OF X-RAY FILM 


Medical x-ray films 


Two types of x-ray film are used for medical radiography—regular-type 
film used with or without intensifying screens and direct-exposure (non- 
screen) film. When regular-type film is used without intensifying screens 
(with cardboard holders), it is slower in speed than direct or non-screen type 
film. Regular-type film is more sensitive to the fluorescent action of intensify- 
ing screens than non-screen film. Non-screen film is more sensitive to direct 
x-ray exposure and should never be used with screens. Non-screen film or 
regular film in a cardboard holder is usually employed for small parts only. 

Because of its thicker emulsion, non-screen film cannot at this writing be 
used with automatic processing and is therefore not used as much as it was 
in the past. 


Mammography film 


A special film made for mammography and 90-second automatic process- 
ing is now manufactured and designed for radiography of the breasts. It is 
an extra-fine-grain, high-contrast, direct-exposure film which provides ex- 
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Figure 1.1. Photograph made with Kodak RP/M X-Omat medical x-ray 
film for mammography. This extra-fine-grain, high-contrast film is de- 
signed to show radiographic detail in radiography of the breast, as seen 
here. [Courtesy, Radiographic Markets Division, Eastman Kodak Com- 
pany. | 


cellent radiographic detail. This film, manufactured by Eastman Kodak Com- 
pany, has been found valuable also in radiography of the extremities in 
situations where very fine detail is needed. It can be processed either in 
longer-cycle automatic processing or manually (Figure 1.1). 


Therapy localization film 


The Kodak therapy localization film can be processed in a 90-second proc- 
essor and is designed for therapy localization procedures. It is an extra-fine- 
grain film intended for direct-exposure techniques and offers excellent 
radiographic detail over a wide range of exposure to x-ray and gamma 
radiation. This film can also be processed manually or in a longer-cycle 
processor. 


Dental x-ray films 


Dental x-ray films are available in a number of sizes, types, and speeds. 
The sizes may be classified as periapical, interproximal, and occlusal. 

Periapical dental x-ray film is packed in light-tight, moistureproof paper 
packets. It is useful in examining the roots of teeth. The emulsions are classi- 
fied as slow, average, and fast as to sensitivity or speed. 

Interproximal (bite-wing) film in the form of packets is used for locating 
Cavities between the teeth. 

Occlusal film is larger than the periapical film and is employed for examin- 
ing larger dental areas that cannot be covered with the periapical film. 
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Figure 1.2. The Blu-Ray radiograph duplicating machine 


Dosimeter films 


Dosimeter films were developed to measure high-energy radiation dosage. 
Small dental-size packets containing one or more types of film are used. The 
different films may be selected to record a wide or narrow radiation-dosage 
range 


Industrial film 


Industrial film is used for high-energy radiography and for special radio- 
graphic procedures such as mammography. 


DUPLICATING RADIOGRAPHS 


Excellent copies of radiographs can be made by employing the Blu-Ray 
radiograph duplicating machine. The machine is compact and will fit in the 
darkroom without interfering with loading or unloading cassettes. 

To make duplicate radiographs, one need only feed the radiographic dup- 
licating film, which is in contact with the original radiograph, into the Blu- 
Ray printer. The film is automatically returned in six seconds and is ready 


Figure 1.3. Three pairs of radiographs, showing originals and 
duplicates made by the Blu-Ray machine. 
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ure 1.4. Copying with the Kodak RP/D X-Omat radiograph duplicating film.-At the left, the original radiograph 
the skull; at the right, the copy. [Courtesy, Radiographic Markets Division, Eastman Kodak Company. | 


for the processor. Figure 1.2 is a photograph of the Blu-Ray machine. Figure 
1.3 shows the original radiograph and the duplicate radiograph made with 
the Blu-Ray apparatus. 

Kodak RP/D X-Omat radiograph duplicating film (Figure 1.4) is designed 
primarily for reproducing radiographs to accompany patient records, as 
teaching aids, or in other applications where duplicate radiographs are 
valuable. This film is also designed to make facsimiles of industrial radio- 
graphs. The film can be processed automatically in 90 seconds, in longer- 
cycle automatic processes, or manually. It may be exposed in a printing 
frame or in a mechanical contact printer, such as the Blu-Ray radiograph 
duplicating printer. 

Mechanical contact printers, such as the Blu-Ray radiograph duplicating 
printer, are the most convenient means for exposing duplicating film. These 
printers are compact and easily portable. Because they are ‘‘light type,”’ 
duplication may be made without interfering with normal processing-room 
operations. 

A conversion kit allowing Blu-Ray printers of an older type to be modified 
with a BLB fluorescent lamp in order to obtain high-quality duplicate radio- 
graphs is available from any dealer in x-ray products. 


Subtraction film 


For subtraction technique, the Kodak RP/SU X-Omatic subtraction film 
is a 90-second automatic-processable film designed for preparing the mask 
for use in the subtraction of radiographic images. It is also suitable for re- 
cording on a single film the composite image of a radiograph and subtrac- 
tion mask. The emulsion, coated on one side of the blue-tinted Estar base, 
requires about twice the exposure used for the Kodak commercial film 4127 
previously recommended for the subtraction technique. The reduced speed 
simplifies and allows more precise exposure control of the film in a printing 
frame or in a mechanical contact printer, such as the Blu-Ray radiography 
duplicating printer. The emulsion characteristics also make this film ideally 
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Figure 1.5. Subtraction technique: at the left, the composite image of a radiograph and subtraction mask; at the 
right, the negative with a high-density mask. Kodak RP/SU X-Omatic subtraction film. [Courtesy, Radiographic Mar- 
kets Division, Eastman Kodak Company. | 


suited for use with LogEtronic equipment. This film may also be processed 
in longer-cycle automatic processors or manual processing (Figure 1.5). The 
Du Pont Cronex printer is designed for making subtractions and duplica- 
tions. The printer will handle all film sizes up to 14” x 17”. Three different 
light sources provide versatility. One is a bright light for registration of the 
subtraction mask and angiogram. A second is a white light source for ex- 
posing the subtraction mask in print. The third is an ultraviolet source for 
exposing duplicating film. The exposure timer is automatic and permits 
exposure up to 30 seconds in half-second intervals. 


MEDICHROME FILM 


Black-and-white radiography has always necessitated a compromise 
between contrast and exposure range. Medichrome film is a color film (de- 
veloped by the Agfa-Gevaert Film Company) which makes it possible to vary 
image contrast, providing a solution to the dilemma of contrast and exposure 
range. The color radiographic system based on the medichrome film yields 
a blue image of extremely low graininess. Radiographs can be viewed either 
on a standard illuminator, with or without the use of color filters, or on a 
special variable spectrum viewer given a constant brightness level. 

The basic medichrome film makes it possible to demonstrate structures 
of low density within zones of widely varying density, all at the same time. 
The higher definition of medichrome film (due to its extremely low graini- 
ness) aids diagnosis by visualizing minute structures with a low absorption. 
Vascular or neuroradiological examinations gain substantially from the use 
of medichrome film; the radiograph will permit study not only of the opaci- 
fied organ but also, with a comparable exposure, of perivisceral opacities 
of lesser density. 


Radiographic Film 
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Figure 1.6. The Polaroid radiographic packet. 
THE POLAROID RADIOGRAPHIC PROCESS 


The Polaroid radiographic packet 


The three primary parts of the Polaroid radiographic packet are (a) the 
negative, which carries the photosensitive emulsion, (b) the pod, a metallic 
foil envelope which contains the viscous processing solution, and (c) the 
receiving sheet, which accepts the positive image from the exposed negative. 
The radiograph obtained may be a paper-based reflection print (Type 3000X 
and Type 1001) or a film-based (polyester) translucency (Type TLX film). 

The remaining parts, shown in Figure 1.6, permit the negative, the receiv- 
ing sheet, and the viscous processing solution to perform their collective 
function of producing a finished radiograph. 

With Type TLX film, the final result is a translucent positive radiograph, 
which can be viewed either by transmitted light, such as that from a standard 
illuminator, or by reflected light, such as that available from room illumina- 
tion. With Type 3000X and Type 1001, the result is a positive radiographic 
print which can be viewed by reflected light only. 

When Polaroid Type 3000X or Polaroid Type TLX packets are exposed to 
x-radiation in conjunction with a standard blue-emitting, high-speed fluores- 
cent screen, radiographs of satisfactory density are produced with reduc- 
tions in radiation exposure ranging from 50 to 84 per cent, depending upon 
the wet-process film/screen combination used for comparison. 


Exposure 


Figure 1.7 schematically represents the exposure of a Polaroid radio- 
graphic packet. The fluorescent screen emits visible light when excited by 
x-rays. This visible image is recorded as a latent image on the photosensitive 
surface of the negative. The exposed Polaroid radiographic packet with its 
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Figure 1.7. The exposure of a Polaroid radiographic packet. 


Figure 1.8. The process of diffusion in Polaroid film, shown schematically. 


Photosensitive layer ... the black circles 
represent deposits of metallic silver formed 
by the action of the developer on the exposed 
silver halide particles. The white circles 
represent the former locations of unexposed 
silver halide particles which have been 


\\ dissolved by the fixing agent. 
oe \ 


Viscous processing solution... arrows 


+t +t 
eee on represent the diffusion of unexposed silver 
from the negative to the receiving sheet. 
POE: — HT | 
a LL an 


Receiving sheet's chemical layer, which 
promotes development of the transferred 
silver ions and the deposition of particles 


of black metallic silver. 


Positive base material (paper for Type 3000X, 
translucent polyester for Type TLX). 
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' 

igure 1.9. Radiograph of lateral skull made with Figure 1.10. Radiograph of the skull of Figure 1.9 
‘olaroid TLX film—a positive. The metal clamps show made with conventional radiographic film—a negative. 
p dense black. 


latent image is processed by drawing it through a set of pressure rollers 
which burst the pod and spread the viscous processing solution between 
the negative and the receiving sheet. The developing agent in the process- 
ing solution reacts with exposed silver halide particles and forms a visible, 
negative image by reducing the silver ions to metallic silver. While this nega- 
tive image is being formed, another component of the processing solution, 
a photographic fixing agent, dissolves unexposed silver halide particles by 
forming soluble complexes with their silver ions. These complexes diffuse 
through the thin layer of viscous processing solution to the receiving sheet, 
where they contact substances which free the silver ions from their com- 
plexes with the fixing agent and make them subject to reduction to metallic 
silver by the action of the developing agent. The metallic silver so formed is 
then deposited on the receiving sheet to create the positive radiographic 
image. This entire diffusion transfer reversal process is accomplished in ten 
seconds with Type 3000X, in sixty seconds with Type 1001, and in forty-five 
seconds with Type TLX. 

Figure 1.8 shows the process schematically. The width of the layers has 
been exaggerated in this illustration for clarity. 

You can perhaps better understand why the final radiograph bears a posi- 
tive image (compare Figures 1.9 and 1.10) if you remember that it is the silver 
ions of the unexposed silver halide particles that are the source of the me- 
tallic silver deposits which form the radiographic image. 


Coating 


Within one hour after processing, Polaroid radiographic prints should be 
treated with the print-coating solution that is provided (see instructions 
accompanying the film). The simple but important treatment quickly neu- 
tralizes the small amount of processing solution that remains in the receiv- 
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ing sheet when it is stripped from the negative. Moreover, as soon as the 
print-coating solution dries, it leaves behind a durable plastic film which 
protects the surface of the radiograph from scratches, moisture, and atmo- 
spheric contaminants which can attack the silver image. 


FILM STORAGE AND HANDLING 


General 


A film is a delicate material and it should not be handled carelessly or 
roughly. It is sensitive to heat, light, x-rays, radium, chemical fumes, pres- 
sure, rolling, bending, etc., and any one of these is capable of adversely 
affecting the emulsion. Radiographic films can, however, be handled safely 
in accordance with all the various radiographic needs of the x-ray technol- 
ogist as long as he knows what he must do to avoid the production of 
foreign marks, referred to as artifacts. From a radiographic standpoint an 
artifact is a mark which is foreign to the x-ray image and which is not nec- 
essarily imposed on the film by the action of x-rays. 

Radiographic film is packed in metal foil and paper wrapping to protect 
it from light and moisture, and each sheet is enclosed in a folder of chemi- 
cally pure interleaving paper. Some film companies supply film with or 
without interleaving paper. 


Heat 


Unexposed and unprocessed film should always be kept in a cool, dry 
place. It should never be stored in basements or near steam pipes or other 
sources of heat. High temperatures exert injurious effects on the emulsion, 
causing loss of contrast and the production of fog. 

An approximate guide to the storage of film is as follows. If the film is to 
be used in two months, it can withstand temperatures up to 75° F. without 
fog. If stored at 60°F., it can be stored for six months, and for one year at 
50° F. Ideal storage is 50° to 70°F. and 40 to 60 per cent relative humidity. 


Radiation 


All radiographic film must be suitably protected from the action of x-rays 
and all other forms of radiation by the use of lead-lined walls or lead-lined 
film bins or by keeping the film at a safe distance from radium and x-ray 
exposure. 


Expiration date 


Film should be used before the expiration date since film aging causes 
loss in speed and contrast and will result in a mottled appearance on the 
finished radiograph. The expiration date will be found on each box of film. 

Figure 1.11 shows a lateral lumbar spine thought to be overexposed. Fig- 
ure 1.12 is a radiograph of the same patient with a reduction of 50 per cent 
in exposure employing the same cassette. Figure 1.13 is a film taken from 
the same box of films and processed in the normal manner (without radio- 
graphic exposure). This film shows mottle from old, outdated film. 

Mottle is also caused by ‘“‘white light’’ leak in the film bin. The interleaving 
paper when struck by white light gives the mottle to the film (Figure 1.14). 
Most film is now supplied without interleaving paper. 
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jure 1.11. Radiograph of lateral lumbar spine, over- 
posed. 


gure 1.13. Non-exposed film from the same box as 
as used for Figures 1.11 and 1.12. 


= 











9 


Figure 1.12. Radiograph of the same patient as in 
Figure 1.11, with 50 per cent reduction in exposure 


Figure 1.14. Mottle caused by “white light’ leak 
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Handling 


When handled, radiographic films should be held as near the edges as 
possible. The hands should be clean and dry, and hand cream should be 
avoided. The use of rubber gloves should also be avoided. 


Loading and unloading film 


Generally, there are two types of containers in which medical x-ray film 
can be held during exposure —cassettes and cardboard holders. More recent 
is the disposable cardboard holder. The choice of holder depends upon the 
part to be radiographed and the exposure technique. Loading and unload- 
ing film is of great importance and requires care. When loading a cassette, 
place the film without the paper in the bottom of the cassette. 


Static electricity 


When two non-conductors such as interleaving paper and film are sepa- 
rated quickly, a static charge may be established. Electrical charges may be 
generated when a Cassette is open and the two screen surfaces are rapidly 
separated, or when a film is pulled from the cassette. 

The rubbing together of clothing, especially silk, nylon, and rayon, while 
working in the processing room can build up a static charge. 

The three classifications of static markings commonly found on radio- 
graphs are tree static, crown static, and smudge static. Very rapid motions 
such as removing a film from interleaving paper can build up a charge suf- 
ficient to discharge in the form of tree static (Figure 1.15) when the film is 
touched by the technologist, or when interleaving paper breaks contact with 
the film. Crown static most often is the result of the rapid withdrawing of a 
film from a tight or new box of film. Smudge static (Figure 1.16) occurs when 


Figure 1.15. Tree static marks. Figure 1.16. Smudge static marks. 
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a discharge follows a path induced by dust, lint, or a rough intensifying 
screen surface. 

While grounding the loading bench provides the simplest solution to static 
problems, moisture in the air around the film area is the greatest aid in the 
prevention of static. The higher the moisture content of the air, the less 
chance there will be for static to appear. This is the reason why there is less 
static with manual processing than with automatic processing. 


Film identification data 


In studying radiographs, the radiologist must be able to determine readily 
the side of the body examined, the direction of the central ray, and, if stereo- 
radiography is employed, the direction of the tube shift. The most effective 
and accurate way to incorporate these data in the radiograph Is by means 
of markers made of lead or other suitable radiopaque materials that can be 
placed on the cassette or film holder before the exposure is made. Letters, 
numerals, and holders for this purpose may be obtained from any dealer 
in x-ray supplies. 

It is often necessary to incorporate in the radiograph the name and address 
or institution of the radiologist, the patient’s name, the case number, and the 
date of the examination. From the standpoint of appearance, efficiency, and 
medicolegal precautions, the photographic method is excellent for such 
markings. 


FILM TESTS 


Every radiologic technologist should learn to make film tests to compare 
brands of film for contrast and speed values. He should also learn to run 
chemical tests. Tests should be made, with both a step wedge and body 
tissues or phantoms, for each brand of film or each brand of chemical to be 
tested. It is essential to use the same cassette and the same subject matter 
and to process all the films at the same time. Films should be tested for low 
and high kilovoltage. All films should be filed for future reference in order to 
evaluate and compare the contrast and speed characteristics of a film emul- 
sion at a later date with newer film or newer chemistry. 

By running a standard test employing the technique used each day in the 
department, one can easily check the speed and contrast characteristics 
of a new film by making identical exposures for comparison. 

Rather than use patients for film and chemical evaluation, the author pre- 
fers to use phantoms and a step wedge. The phantoms shown in Figures 
1.17 and 1.18 consist of carefully selected adult human bones, embedded 
in transparent non-granular plastic. This plastic has the same absorption 
and secondary-radiation-emitting characteristics as living tissue. One may 
repeat an experiment, regardless of dosage, as often as necessary with no 
danger of excess radiation. One may also make critical detailed studies of 
bone-structure and sharpness comparisons (Figure 1.19). 

The tissue-equivalent plastic step wedge, Figure 1.20, is an excellent tool 
for research and comparative studies. It consists of ten separate blocks 
which can easily be disassembled and rearranged to obtain different thick- 
nesses. Embedded in the top are several test objects: a 2 x 2 x 2 cm. lead 
plate for measuring magnification, distortion, and secondary radiation; five 
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Figure 1.17. Phantom of the knee Figure 1.18. Phantom of a human skull, embedded 
joint: human bones embedded in a in plastic 
special plastic 


parallel pieces of stainless steel wire to determine sharpness and visibility 
of detail; a cube of human bone; a gelatin capsule, '/, cm. in diameter, con- 
taining bone dust; and an identical capsule containing air. 

The steps are wide enough to produce density strips on a radiograph 
which can be measured with a densitometer. Microdensitometer measure- 
ments are possible acrosss the shadow of the stainless steel wire. Densi- 
tometer measurements can also be made of shadows cast by other test 
objects. 





Figure 1.19. Radiograph of a skull phantom 


Figure 1.20. The step wedge made of plastic, de- 
scribed in the text 
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The wedge is large enough to be placed across two cassetes containing 
screens and film, permitting screen and film evaluations with a single ex- 
posure. These absorption and secondary-radiation-emission characteristics 
of the wedge have proved remarkably similar to those of human tissues in 
the voltage range between 50 and 150 Kv.P. 

Such a wedge is valuable in teaching and testing. One may demonstrate all 
the factors which control and affect the quality of the radiograph. It also per- 
mits studies of image intensifiers and their allied equipment. 


THE LATENT IMAGE 


The latent image cannot be seen or detected by any ordinary physical 
means, but it can be changed into a visible image by chemical processing. 
Many theories have been advanced as to the nature of the changes in the 
silver halide molecule that occur in the formation of the latent image. The 
generally accepted theory regarding the initial effect of x-ray exposure on 
the film is that a liberation of electrons occurs in the silver halide crystal. 
Normally, a silver halide crystal is a non-conductor of electricity. Upon ex- 
posure to x-rays or light, however, it becomes a weak conductor. From the 
individual atoms in the crystal, the exposure stimulus releases photoelec- 
trons that flow within the crystal as a tiny electric current. In this movement, 
some of the electrons are acquired by the silver specks, which thereby as- 
sume negative electric charges. The silver halide molecule then undergoes 
a complicated series of internal changes. The slower-moving silver ions with 
a positive charge travel to the negatively charged specks, where they are 
neutralized to form a tiny nucleus of free silver, while the halide portions of 
the molecule are absorbed elsewhere. Silver ions are attracted and the speck 
grows larger with free silver until it reaches a size that can initiate chemical 
reduction of the whole crystal to metallic silver when attacked by the re- 
ducing agents in the x-ray developer solution. The exposed silver specks 
in their aggregate constitute the /atent image. 
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CASSETTES 


A cassette is a thin, light-tight container slightly larger than the film it is 
intended to hold. The front is made of a radiolucent material such as Bake- 
lite or Magnelite; the back is of steel or light-weight metal. Felt gaskets in- 
sure light-proof edges; and the inner, or back, side is lined with a thin layer 
of lead (except phototimer cassettes) to absorb secondary radiation emitted 
by the back of the cassette and Bucky tray or table top. A good cassette is 
light-proof and provides a good contact over the entire area of the film. Un- 
sharpness of the radiographic image is often due to a bent or warped cas- 
sette front and/or poor screen contact. 


Phototimer cassettes 


The cassettes used for conventionally timed radiography have lead-lined 
backs, to reduce the effect of backscattered radiation on the film. Cassettes 
used for phototiming must have a radiolucent back to permit the radiation 





i Figure 2.1. Fog caused by light leak. 
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Figure 2.2. Poor definition due to a warped cassette 
front. 


reaching the film to continue on to the photocell, which acts as a timing 
device, according to a predetermined density scale. Care should be taken for 
appropriate identification of phototimer cassettes when both types of timing 
are used. 


Worn felt 


In many cassettes the lid felt serves a dual purpose. It affords a light-tight 
seal preventing the enclosed film from being light struck around the edges, 
which would cause fog. The felt also insures better contact. Figure 2.1 shows 
fog from light leak. 


Poor screen contact 


Poor screen contact shows on the finished radiograph as poor definition 
or detail in certain areas. Figure 2.2 shows a radiograph with poor definition 
due to a warped cassette front. 


Test for cassette or screen contact. Lay a wire screen (about */,, inch 
mesh) on top of the cassette to be tested. Make an exposure at about 50 
Kv.P., '/,) second, 50 Ma., 36-inch focus-film distance. Develop the film in the 
usual manner. If the film shows blurred outlines or is fuzzy, probably the con- 
tact is poor between screens and film. It is wise to check the front of the cas- 
sette before removing the screens, since it may be warped; or the back of the 
cassette may be sprung at the hinged area because the cassette has been 
dropped. Figure 2.3 shows poor contact due to a warped front. Figure 2.4 
shows the same cassette after repairs, which resulted in a substantial 
saving, since the screens did not have to be replaced. It is false economy to 
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Figure 2.4. The cassette of Figure 2.3 has been r 


paired, and this is the result. 


Figure 2.3. The result of poor screen contact due toa 


warped cassette front 


Radiograph of a warped grid. 


Figure 2.5. 


Radiograph showing correct exposu 


Figure 2.6. 


but with grid cut-off. 











Sei 
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e 2.7. Correct exposure, but with grid cut-off on om 
atient's left side 





mount new screens in faulty cassettes. Other cassette faults which affect 
film quality include worn felt, loose hinges, dented fronts, or sprung frames. 
Although cassettes are sturdy and strong enough to withstand normal hard 
use, they cannot withstand abuse (Figures 2.5, 2.6, 2.7). 


RADIOGRAPHIC CALIBRATIONS 


The formulation of techniques is extremely difficult, if not impossible, 
when one is faced with a radiographic machine that has not been calibrated 
properly. It is ideal, indeed, to formulate techniques on one unit and then 
transpose the techniques to other units within the same department. Each 
radiographic unit should be calibrated, and in turn each unit should have 
equal densities on a film when identical exposures are made. 

Inaccuracy of equipment means repeat films, unnecessary exposure to 
the patient, decreased efficiency to the department, and waste of film. 

Each radiographic unit should be calibrated by a service engineer; how- 
ever, the radiologic technologist should be responsible for the exposure 
factors, processing, proper cassettes, and film. 

The timer should be checked with a spinning top for the exposure of less 
than 1 second and with a stop watch for exposures longer than 1 second. 
With a three-phase unit, one should use an oscilloscope in place of a spin- 
ning top to check the timer for accuracy. 

No matter what Ma. station and time-increment values are used, as long 
as the product is the same, the density level should remain the same. 


Example: 100 Ma. at '/,, second, 200 Ma. at '/,, second, and 300 Ma. at '/,, second should all produce 
the same density. 
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Figure 2.8. This radiograph was made with a properly Figure 2.9. This radiograph was made with a machi 
calibrated machine out of calibration. 


Figure 2.8 shows a radiograph made with a machine properly calibrated. 
Figure 2.9 shows a radiograph with the same exposure, but made with the 
unit out of calibration. 


CASSETTELESS RADIOGRAPHY 


Cassetteless radiography is a recent innovation. The Rapido transport 
and Diplomat processor developed by the Picker X-Ray Company can handle 
about 70 per cent of the need of the radiology department. This system pro- 
duces diagnostic images free from artifacts and makes production radiog- 
raphy somewhat easier and quicker, since the finished radiograph is turned 
Out in a one-step operation. 


Xeroradiography 


The xeroradiographic system represents a new concept in recording radio- 
graphic images. The Xerox Corporation manufactures a unit that can be used 
with one’s present radiographic equipment. The system makes high quality 
images on paper. These units employ developing powder and reusable plates 
to process dry images in 90 seconds. When employing the 125 Xerox System, 
film and processing rooms are unnecessary. 

Xeroradiographs show excellent resolving power at all levels of contrast. 
The resolving power of xeroradiography is greater than that of non-screen 
film techniques, especially for low-contrast applications like mammography. 


INTENSIFYING SCREENS 


Certain substances have the ability to fluoresce under x-rays; that is, when 
struck by x-radiation, they emit visible light. These substances are called 
phosphors; some emit light in the blue and ultraviolet region and others in 
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Figure 2.10. Partial radiographs: 1, made with high- 
speed screen; 2, made with ‘‘par-speed”’ screen; 3, 
made with detail screen 


the yellow-green region of the spectrum. These characteristics allow the use 
of different phosphors for different purposes. Three kinds—calcium tung- 
state, barium lead sulfate, and zinc sulfide—which emit blue light are used 
in making intensifying screens for conventional radiography. One blue- 
fluorescent phosphor, zinc sulfide, is used in making a screen for photo- 
fluorography (which is now all but obsolete). A green-fluorescing phosphor, 
zinc cadmium sulfide, is used in making a screen, not only for the outdated 
photofluorography but for the fluoroscopic screen used for viewing by the 
radiologist. The intensifying screen is used to help the x-ray film take an 
image in much shorter time and hence with less exposure than Is possible 
with direct x-rays. It does what its name implies—intensifies the photo- 
graphic effect of the x-radiation. 

The thicker the fluorescent layer of the screen, the greater the intensifica- 
tion. The size of the crystals composing the layer also has a direct influence 
in this respect: the larger the crystals, the greater the intensity of the light 
emitted by the screen. Since the thick fluorescent layer allows the light to 
spread more widely, the sharpness of the fluorescent image is decreased 
accordingly. A choice is usually available in the selection of intensifying 
screens: fast screens provide high intensification; slow screens produce 
better image sharpness; medium-speed screens provide a balance between 
speed and definition. 

An exposure with screens requires only about '/,; to '/,) of the time required 
for a direct exposure (one made without screens and using a cardboard 
holder). Such a reduction in the exposure provides an advantage in general 
medical radiography. 
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Figure 2-11. Radiograph made with a high-speed Figure 2.12. Radiograph made with a high-plus in: 
intensifying screen tensifying screen 


Less than 5 per cent of the density on a radiograph is caused by the direct 
action of x-rays. More than 95 per cent of the film density is due to the light 
given off by the intensifying screen. The use of screens not only reduces the 
radiographic exposure time and dosage factor, but adds materially to the 
contrast of the resultant radiograph. 

At the present time there are three general classes of screens, based 
largely upon application and speed. The most widely used screen is the 
medium-speed. Each manufacturer has his own trade name for screen 
speed. Generally, the medium-speed screen possesses the best balance 
between speed and detai/ for most radiographic purposes (Figure 2.10). 
With the increased interest in radiation dosage, the high-speed screen has 
become very popular (Figures 2.11 and 2.12). However, there is a slight loss 
in detail of the radiographic image. There are many situations in which high- 
speed screens are very valuable and the slight loss of detail is of very little 
diagnostic significance. The most common of these are 


1. Where reduction of radiation dosage is important: 

2. In portable bedside and operating-room radiography where there is 
a limit on kilovolts and milliamperage; 

. In grid cassettes; 

. In high-kilovoltage radiography; 

. In the radiography of infants and children; 

6. In spot-film radiography. 


of w 


Slow-speed screens render better detail and are used for bone radiog- 
raphy, magnification techniques, and where speed is not at a premium (Fig- 
ures 2.13 and 2.14). 

Multisection screen books for use in body-section radiography represent 
a special application of intensifying screens: With the multisection screen 
book, up to seven layers of a body part can be radiographed simultaneously. 
Each screen pair is balanced in speed to yield the same exposure density 
on each film. 

The DuPont Company manufactures a 14” x 36” Gradient Intensifying 
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re 2-13. Radiograph made with a detail intensi- Figure 2.14. Radiograph made with a fast-detail in- 
screen tensifying screen 


Screen which has proved to be advantageous for venograms, femoral arte- 
riograms, leg-length measurements, and radiography of the entire spine. 
A screen of this type eliminates the need for wedge filters by employing 
different screen speeds to produce uniform densities of the body parts 
being radiographed. 

The Dupont barium—lead sulfate Hi-Speed screens emit more fluores- 
cence in relation to crystal size than does calcium tungstate. Consequently, 
it has been possible to produce a fast, high-quality screen of uniformly fine 
grain. 


Stains and abrasions 


The most common stains on screens are caused by careless processing- 
room technique. Developer or hypo smears will stain screens a brownish 
color and will result in /ight areas on the finished radiograph. Dust and other 
foreign materials sometimes get into the cassette and will cause damage 
to screens. Routine periodical cleaning of screens with soap and water or 
95-per-cent alcohol is recommended. 

Various commercial screen cleaners are available from the x-ray dealer. 


Test for lag 


Intensifying screens must not continue to fluoresce after the exposure 
has been terminated; continued fluorescence of screens is called /ag. Lag 
will cause a general fogging of the radiographic image, looking like second- 
ary radiation or postexposure fog. Lag is generally due to old, worn-out 
screens. 

To test screens for lag, make a normal exposure of some part with the 
cassette empty of any film; take the cassette to the processing room and 
place a film in it; close the cassette and allow the film to remain in the cas- 
sette for five minutes; then develop the film in the same manner as a normally 
exposed radiograph. If the image of the part exposed is imparted to the film, 
then the screens have lag, which produces a supplementary density that 
degrades the scale of contrast in the radiographic image. 
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THE PROCESSING ROOM 


In our experience the processing room is the most important single room 
in the department of radiology; yet it is the one room most often neglected 
by both radiologic technologists and radiologists. A technologist can never 
hope to be a really good technologist unless he is master of the darkroom 
and processing technique. The best and most expensive radiographic equip- 
ment is of no avail if one tolerates carelessness or does not have a rigid 
time-temperature developing routine set up for processing x-ray films. The 
processing room can make or break a department as far as quality of radio- 
graphic films is concerned. 

Because of the special importance of this room in the handling, process- 
ing, and even flow of work, both the general and detailed features should 
be most thoughtfully worked out. 


Arrangement of equipment 


The three major elements of equipment—loading bench, processing tanks, 
and dryer—should be arranged so that the number of steps taken can be 
kept at a minimum. Automatic processing has eliminated many of the prob- 
lems heretofore encountered. 


Light-tight entrance 


An entrance that is easily accessible while providing complete protection 
from outside white light is an essential to the x-ray processing room. 


Figure 3.1. A photographic example of postexposure fog. 
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Ventilation 


Satisfactory ventilation of an x-ray processing room requires more con- 
sideration than the ventilation of other rooms. The processing room contains 
certain elements that directly affect the air in it. If hand processing is used, 
open tanks of developer, acetic-acid solution, and water increase the hu- 
midity and create slight odors. Automatic processing eliminates the prob- 
lems of humidity and chemical odor. 

When improperly controlled, the temperature and humidity of the air have 
adverse physiological effects on the technologists as well as physical effects 
on film handling and storage. For example, excessive humidity causes the 
body to perspire, and damp fingers readily mark dry films and screens. If 
the air is too dry, film is susceptible to static accumulations. 


Color 


It is not necessary for the processing room to be a drab, all-black room. 
It is neither necessary from a technical standpoint nor desirable from a 
psychological one. If the quality of the light from a safelight lamp is safe, the 
illumination from any surface is also ‘safe’ regardless of color. 

The best processing-room illumination is that transmitted by a Kodak 
Safelight Filter, Wratten Series 6-B, using a 10-watt tungsten light source, 
directly over the manual-processing tank. The light transmitted is in the 
yellow and yellow-red portion of the spectrum. Therefore, maximum reflec- 


jure 3.2. Postexposure fog. The lighter portion of 

s radiograph was protected by a sheet of cardboard 

ring the safelight test which fogged the rest of the Figure 3.3. A simulated rib fracture due to postex- 
. posure fog. 


n 
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tion under safelight illumination is achieved if the wall finish is either a color 
within the same spectral range or a light enough shade of any other color. 
The color of the loading-bench top should be chosen with the thought 
that film, interleaving paper, and other objects must be readily distinguished. 
One of the most durable materials used for the loading-bench top is sheet 
plastic. 


Effect of safelight illumination 


With present-day safelights (Wratten 6-B), it is possible to see clearly in 
the processing room. When the safelight lamps are fitted with a 10-watt bulb 
and a filter recommended for the light-sensitive film being used, the exposed 
films can be exposed, without fogging, for one minute at three feet from the 
safelight, or for one-half minute at two feet. 

Exposed radiographic films are more sensitive to safelight illumination 
than unexposed films, in fact, eight times more sensitive to fog than are 
unexposed films. The effect on x-ray film of exposure to the illumination 
from safelight lamps is referred to as postexposure. The quality of a radio- 
graph may be impaired by unnecessary exposure to safelight illumination, 
which is the reason for variations in density encountered in routine radio- 
graphs and for the lack of brilliancy that is frequently attributed to scattered 
radiation (Figures 3.1-3.3). 

With respect to films exposed to direct x-radiation (exposed with a card- 
board holder), the effect is very slight and may be disregarded. This is largely 
true, also, with respect to films that have received relatively heavy x-ray ex- 
posures employing calcium tungstate intensifying screens, although radio- 
graphic contrast is slightly impaired. However, in radiography of light 
density, as of the chest or gallbladder, the radiographic contrast may be 
seriously affected. 

When radiographs have been unprotected from postexposure and we 
begin to protect them from postexposure, the contrast will increase to such 
a degree as to permit an increase in exposure thereafter. 

To eliminate undesirable postexposure, we may reduce the intensity of 
the safelight illumination in one of three ways: (1) by employing bulbs of 
lower wattage; (2) by increasing the distance between the safelight lamps 
and the top of the film-loading bench; (3) by reducing the number of safe- 
light lamps. 


Safelight test. In testing a darkroom light for safety, one should subject 
part of an exposed x-ray film to the illumination of the safelights under the 
conditions used during normal processing and compare with a portion 
similarly exposed to x-rays but developed in total darkness. 


Cleanliness 


Owing to the sensitivity of x-ray film emulsions, cleanliness is essential in 
processing procedures. It is imperative that the processing room, as well as 
the accessories and equipment, be kept scrupulously clean (Figure 3.4). 
Solutions that are spilled should be wiped up at once: otherwise, upon evap- 
oration, the chemicals may get into the air and later settle on film surfaces, 
causing spots. 

Films should be handled with care in the processing room; permitting 
them to become wrinkled or bent will result in small marks called ‘crinkle 
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Figure 3.4. Cigarette ashes in the cassette 


marks.’ Rubbing films together before processing will cause static marks 
resembling the branches of a tree. If two films come in contact with each 
other during the developing process, an area of nondevelopment will appear 
in the area of film contact. This also occurs if the film is allowed to touch the 
side of the developing tank (Figures 3.5 and 3.6). 

Excessive exposure of a film to light during development may result in 
reversal of the image; the ‘‘blacks’”’ will be white and the ‘whites’ will be 
black (Figure 3.7). A greasy appearance on the surface of the film is due to 
improper washing after fixing. 


SILVER RECOVERY 


Recovery of silver from used radiographic processing solutions, in addi- 
tion to being economically profitable, conserves a natural resource essential 
to the radiographic and photographic industry. This desirable practice leads 
to a cleaner environment, since silver is classified as a water pollutant. It is 
also a significant source of revenue for the department of radiology. 

Basically, there are three methods of recovering silver from spent photo- 
graphic-processing solutions: metallic replacement, electrolytic plating, and 
chemical precipitation. The Kodak silver recovery system, which the author 
has had the most experience with, is based on metallic replacement. It in- 
volves the use of two simple, non-moving pieces of equipment: the Kodak 
Chemical Recovery Cartridge, Type P, and the Kodak Circulating Unit, Type 
B. The system is designed to efficiently remove valuable silver from used 
fixing baths. Although the equipment is particularly designed to remove 
silver from the overflow streams of automatic replenishing systems, it is 
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Figure 3.5. Crinkle marks due to bending the film be- Figure 3.6. An area of underdevelopment that h 
fore exposure resulted from contact with another film during c 
velopment. 


equally adaptable for use with hand processing systems. Since the recovery 
cartridge functions by chemically replacing the silver in solution with an- 
other metal, the system has several advantages over electrolytic or chemical 
precipitation methods. These advantages include low initial cost of the 
equipment, simple non-electrical installation, high efficiency and no required 
maintenance. The Chemical Recovery Cartridge unlike some metallic- 
replacement recovery systems, does not generate combustible or explosive 
gases such as hydrogen during the recovery process. 


AUTOMATIC PROCESSING 


In automatic processing, film is transported at high temperatures through 
developing, fixing, and washing stages prior to hot-air drying. The wet-to- 
dry cycle is made possible by drastically reducing the time required for 
washing and drying. In order to achieve this, the film must be conditioned 
chemically in the wet section. To minimize film swelling and to prevent the 
emulsion from adhering to the rollers, a hardening agent is incorporated 
in the developer. 

The key to the best in film quality in automatic processing is uniform re- 
plenishment. Careless or improper film feeding results in a wasteful increase 
in the amount of solution used. If a 14 x 17-inch film is fed the 17-inch way 
instead of the 14-inch way, the replenisher microswitch is activated by 17 
inches of film travel, instead of 14 inches. This results in overreplenishment 
by a factor of 22 per cent. It is of utmost importance that films be fed the 
proper way in order to avoid overreplenishment, which results in excessive 
density. 
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Figure 3.7. Reversal action. 


The replenishment rates for medical screen-type film will vary depending 
on the type and brand of film and the exposure employed. 


FILM-FEEDING PROCEDURE 


Figure 3.8 shows the proper film-feeding procedures. The arrows indicate 
the direction in which film is fed into the processor. 

To avoid overreplenishment, it is advisable to feed all narrower films side 
by side. Feed films into the processor square with the edge of the side guide. 
Feed multiple films simultaneously. 

For occlusal film or roll film, in order to provide proper transport, use a 
leader of sheet film (Figure 3.9). The leader should be as wide as or wider 
than the roll film and at least 7 inches long. Using a 1-inch-wide tape, such 
as Scotch brand Electrical Tape No. 3, butt-splice the film to the leader, 
making sure that the adhesive side of the tape is not exposed. Most other 
types of tape are not suitable, owing to the solubility of their bases in the 
processing solution. 


SOME QUESTIONS ON 90-SECOND PROCESSING (AUTOMATIC) 


Is there any reason, apart from the value of acid in neutralizing the de- 
veloper, why a fixer should be acid in pH? 

Yes. The aluminum sulfate and chloride hardeners are effective only in an 
acid solution. Wetness or tackiness in film coming out of a processor may 
be caused by a fixer with a pH that is not acid enough. But there are many 
other reasons why wet films are produced —for example, inadequate replen- 
ishment of the fixer, and a dryer that is set too low. 
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Figure 3.8. Film-feeding chart for automatic processing. 


What is clearing time? 
Clearing time is the length of time needed to completely remove the un- 
developed silver bromide from the film. 


Why do 90-second films fix so rapidly? 

The 90-second films have a lower gelatin content than other films. The 
lower the ratio of gelatin to silver bromide in a film, the easier it is for the 
developing agents to get into the emulsion and convert the exposed silver 
crystal to black metallic silver. In other words, a man can run through a 
doorway faster alone than when three men hit it together. The same is true 
in washing. The less gelatin, the less thiosulfate it holds. Then the wash 
water has an easier job to do, since it can get into the emulsion easier be- 
cause of the lower gelatin content and since there is less thiosulfate (hypo) 
to remove. Another factor in speed is the fast flow of water (2 to 4 gallons 
per minute) in an automatic processor. This flow prevents water, laden with 
thiosulfate, from remaining in proximity to the films. The higher tempera- 
ture of wash water in 90-second processing makes washing more efficient, 
and the agitation caused by the rollers and by incoming water hastens 
the action. 
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Figure 3.9. A leader for film feeding of occlusal film 
or 35-mm copy film 


Suppose one shut down the processor with a film in the fixer tank. What 
would happen overnight? 

The fixer would bleach out the developed black silver image. This, of 
course, rarely occurs, but in manual operation there have been cases in 
which the technologist has pulled a film out of a fixer tank after a night of 
immersion and found it blank. Figure 3.10 shows the result of improper 
washing. 


What causes the blotchiness on films which is made visible by reflected 
light? 

This effect, which is often described as random shiny and dull areas on the 
film, is caused by variation in the rate of drying. The drive rollers, while in 
contact with the film, momentarily prevent the forced air that is circulating 
through the chamber from reaching the contact areas. This effect can be 
reduced by lowering the dryer temperature to the lowest safe setting. Lower 
the temperature until films show some dampness; then increase the tem- 
perature until this condition disappears. 


What effect can be expected from temperature variations in the developer? 

Higher temperature will Cause an increase in speed, density, and fog. 
Temperatures lower than normal will have the opposite effect. Higher tem- 
peratures in the developer will cause more emulsion swell and an increase 
in the carry-over into the fixer. At times, even properly replenished fixer will 
be affected, and the result will be wet films (Figures 3.11 and 3.12). 
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Figure 3.10. Improper washing in automatic proc- Figure 3.11. Theresult of cold chemicals in automat 
essing. Development and fixing have been correct. processing. Note the loss in density. 
Note the build-up of silver. 
What effect can be expected when the developer-recirculating system is 
not functioning? 
Light films and generally lower density. 


What causes grayed-out films of insufficient contrast and density? 

Assuming that the x-ray equipment is functioning properly, the main rea- 
son is usually exhausted developer caused by underreplenishment, or im- 
proper mixing (usually overdilution). Replenishment rates may be set too 
low or there is probably a mechanical problem, e.g.: 
(a) The microswitch is not operable; 
) The pump is not operable; 

) Air has gained entry into replenishment lines; 
) There is a kink or blockage of the replenishment lines. 
One clue to underreplenishment is a gelatin coating on the downpath rollers 
in the developer tank. This coating is sometimes green to grayish in color, 
an indication of lack of hardening. 

Ninety-second processing allows increased utilization of examination 
rooms and equipment and also the handling of more patients, with no expan- 
sion of facilities or staff. It means significant speeding up of fluoroscopic 
and other serial examinations that require processed films during the course 
of the examination. 

The patient benefits by the greater efficiency of the radiologic team 
through better care. Nearly immediate delivery of processed films means 
greater patient comfort, through shortened serial examinations, and elimina- 
tion of patient callbacks. The radiologist can often start treatment sooner, 
and anesthesia time doing special procedures can be significantly reduced. 


(b 
(Cc 
(d 
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gure 3.12. A result of automatic processing with 
lutions at the correct temperatures. Compare with 
jure 3.11. 





The technologist becomes more efficient working with the 90-second 
processing system. Immediate film access reduces film loss or misplace- 
ment. Quality improves because technique can be checked before the patient 
leaves the room. Finished radiographs can be correlated with the technique 
used. 


MISCELLANEOUS ARTIFACTS 
Dirt deposits 


Irregular deposit, often light in color, generally elongated in direction of 
film travel (See Figure 3.13), is caused by dirt or precipitate in water supplied 
to washing section. If condition is temporary, clean wash rack and replace 
wash water in processor; drain wash tank when shutting processor down. If 
condition persists, use filters in incoming water lines. (Some dirt deposits 
can be removed from the dry radiograph by gentle rubbing with dry cotton or 
a soft cloth.) 

Pi lines, so called because they occur 3.14 times the diameter of a roller 
away from the leading edge of a film (see Figure 3.14), are most common in 
newly installed or freshly cleaned processors. They tend to disappear with 
use of processor. Some processors are equipped with buffer rollers at the 
exit of the wash rack, which remove the deposit before the radiograph enters 
the dryer. 

Guide marks, regularly spaced scratches or high-density lines (see Figure 
3.15), are due to improperly adjusted guides in processor. Check clearances 
between guide devices and adjacent rollers or other components. 
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Figure 3.13. Surface deposits can be caused by dirt in Figure 3.14. ‘‘Pi line,’ thought to be caused by 

the wash water supplied to an automatic processor. minute deposit left on a roller by the leading edge of 

{[Courtesy, Radio Markets Division, Eastman Kodak film. The deposit is then carried around and transferre 

Company. ] to the film. [Courtesy, Radio Markets Division, Eas 


man Kodak Company. ] 


Figure 3.15. Guide marks are caused by impropi 
adjusted film guides in automatic processors. T! 
are regularly spaced and in the direction of film tra’ 
{Courtesy, Radio Markets Division, Eastman Kor 
Company. | 
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Table 3.1. FILM TROUBLE CHART 


Underexposure 


Bucky cut-off 


Equipment — 

1. Valve tube failure 

2. Line voltage too low 
3. Gassy x-ray tube 

4. Incorrect technique 


Increased filtration 


Wrong type of film 


Correction 


Increase Ma.-time or Kv.P. 
Decrease distance 


Check tube center 
and distance 


Replace valve tube 

Adjust compensator 

Replace x-ray tube 

Check technique chart and 
control adjustments 

1. Check added filters 

2. If inherent filter has increased 
because of melting copper 
or tungsten, increase Kv.P 
or replace tube 

Check type of film 





Dark film 


Blank film 


Grey film 


Overexposure 


Incorrect technique 


. Fog 


2. Cassette placement 


3. X-ray tube alignment 





Reduce Ma.-time-Kv_P. Increase 
distance. Check for two ex- 
posures on one film 

Check technique chart and 
control adjustment 

Check for radiation or light 
leaks 


1. Check all fuses 

2. Check circuit breaker 

3. Check voltage selection for 
dead buttons 

4. Check interlock switches 

5. Check hand-foot-switch 
selector 

6. Check under- or over-table 
tube selection 

7. Check tube overload protec- 
tion 

8. Check meter readings. 

If above does not correct 
trouble, call service man 

If cassette is lead-backed, check 
whether or not it was placed 
in holder backwards 

Correctly center x-ray tube to 
film 


1. Use Bucky or grid 

2. Use collimation or cone 

3. Reduce Kv.P. 

4. Check for light or radiation 
leaks 
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Table 3.2. AUTOMATIC PROCESSING TROUBLES AND REMEDIES 





Trouble 


Cause 





Incorrect film density 


Incorrect film 
density, continued 


Increase in film density 


Films stick in dryer 


Incorrect developer starting mix 


Developer reaching exhaustion 


Over or underreplenishment 
due to: 

a. Valve shut off or line clogged 
b. Microswitch not properly ad- 
justed or not functioning 

properly 
Flow not correct 
Flowmeter inaccurate 
Air in the lines 
Incorrect film feeding 
methods 

. Leak in system 

. Replenisher pump failure 


Developer contaminated with 
fixer (fixer rack used in 
developer tank by mistake) 


Developer temperature too low 


Inadequate wash-water flow 


Developer temperature too high 
Developer replenishment rate 
too high 


Concentration of developer too 
high 


Solution temperatures too high 





Remedy 
Replace with correct solution. 
Replace developer with a 


starting mix and check 
replenishment. 


a. Open valve or clean line. 
b. Check and adjust. 


c. Adjust flowmeter knob. 

d. Replace tube and ball. 

e. Bleed air out. 

f. See film feeding diagrams. 
g. Stop leak. 

h. Replace pump. 


Replace developer with starting 
mix. 

Be sure fixer rack is in fixer 
tank. Keep splash guard over 
developer tanks when remov- 
ing or replacing fixer rack. 
Add chemicals through 
replenisher pump housings. 


Check heaters. Adjust 
thermostat. 


a. Be Sure the stop valves in 
the water-mixing valves are 
completely open. 

b. Be sure all valves in the 
supply lines are open. 

c. Check the supply pressure. 

d. Clean the strainer screens. 

e. Check that there is not an 
accumulation of lime de- 
posits within the mixing valve 
or in the strainers and check 
valves. 


Adjust thermostat. 

Feed small films in pairs and 
larger films with long dimen- 
sion parallel to feed rollers. 
Check that replenishment rate 
is correct on flowmeter, then 
measure overflow from devel- 
oper tanks to verify this rate. 


If replenishment rate is correct, 
remix developer replenisher 


to proper concentration. 


Adjust thermostat. 


Table 3.2, continued 


Trouble 


Films stick in 
dryer, continued 


Processing 





Cause 


Remedy 





Incorrect developer starter mix 
(hardener not added) 


Remix solution. 





Developer dilution or under- 
replenishment 


Fixer exhaustion or under- 
replenishment 


Solutions improperly mixed or 
contaminated 


Replace developer with starting 
mix. Check replenishment 
flow. If not controllable with 
flowmeter, clear possible re- 
striction or air lock in lines. 


Replace fixer. Check replenish- 
ment flow. If not controllable 
by flowmeter, clear possible 
restriction or air lock in lines 


Replace with correctly mixed 
solutions 





Foam in solution tanks 


Recirculation rate of solutions 
low 


Improper washing 





Check for air leaking into re- 
plenisher lines, recirculating 
pumps, etc., or clogged drain 
tube or fitting 


Check pumps. Check for 
clogged or air-locked lines 


If flow is less than 4 gpm 
(15 liters/min.): 

a. See “Incorrect Film Density” 
above. 

b. Clear possible restriction in 
solenoid valves. 

c. If water flow is completely 
shut off: 

1) Be sure the stop valves in 
the water mixing valve are 
open. 

2) Be sure all valves in the 
supply line are open. 

3) Check for failure of cold 
water supply pressure. 

d. If water temperature varies: 
1) Check for lime deposits 

around the piston of the 

water mixing valve, caus- 
ing it to bind in the piston 
cylinder. 

Test the thermostatic 

motor. 

e. If water flow is untempered 
hot or cold water, replace 
the thermostatic motor in the 
water mixing valve. 


2 


Drying streaks on film Dirty air tubes Clean. 
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Table 3.2, continued 





Trouble Cause Remedy 


Drying streaks on Air tubes out of position Readjust 
film, continued 














Dirty film Dirty water Install filter in supply lines. 
Scratched film Improperly seated rollers Realign and seat properly. 
Pi line on films Fresh chemicals Lines will disappear after short 
run. 
Developer contaminated with Replace developer with starting 
fixer mix. 
Films not drying Dryer motor running backwards | Interchange 2 or 3 power wires. 
(at installation) 
Clogged air filter Replace if necessary. 


Dryer temperature too low Check thermostat setting. 
Heater burned out Replace 


No exhaust air flow Repair the exhaust blower or 
clear clogged vent pipe. 





Chemical imbalance Check replenishment. Replace 
fixer and/or developer if 
suspect. 


Fogged film Light leaking into darkroom Caulk openings. 


Cover on wet section of proces- | Refasten. 
sor not fastened properly 





Developer contaminated with Replace developer with starting 
fixer mix. 


Chemical imbalance Replace chemicals. 


Other film processing Streaking Weak developer. 
problems 








Mottling Excessive developer concen- 
tration. 


Yellow smudges Fixer exhausted. 
Lack of clearing Excessive fixer concentration. 


Solids separate out of Mixing at incorrect temperature | All liquids should be 
developer during 100-—120° F. (38—49° C.) 
mixing when mixing. 


Pouring additive in too rapidly Follow mixture exactly. 
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Table 3.2, continued 


Trouble Cause Remedy 

















Solids separate out 
of developer during 
mixing, continued 





Excessive hardener Use with caution 


Faulty shut-off disc 
Faulty piston cylinder 


Maximum water tem- Hot water supply to mixing Be sure temperature of hot 
perature specified is valve not hot enough water supply to mixing valve 
not attainable is at least 30° F. (18° C.) above 

the temperature setting 












Water flows when mix- Replace the shut-off disc 


ing valve is shut off 
Replace the piston cylinder 






Leak occurs around 
temperature adjust- 
ment handle of 
mixing valve 





Packing gland nut not tight Tighten 





Faulty packing Replace packing 






41 


Chapter 4. CONES, DIAPHRAGMS, 
COLLIMATORS, FILTERS, GRIDS, 
AND STEREORADIOGRAPHY 


One of the most important factors in the production of good quality radio- 
graphs is the use of cones, lead diaphragms, or collimators. 


CONES 


The value of a cone is far greater than most technologists realize. Cones 
are most important in the control of secondary-radiation fog. By limiting 
the port of entry of the primary beam, less tissue is irradiated and less 
secondary radiation is emitted to fog the film. The greatest benefit derived 
from the use of cones is the increase in contrast (Figure 4.1); contrast makes 
detail more plainly visible. Radiographic density is also affected, since the 
total density is reduced in proportion to the amount of secondary-radiation 
fog that is eliminated. See Figures 8.38 and 8.39 (in Chapter 8), radiography 
of the gallbladder, and Figures 4.2—4.7. 


COLLIMATORS 


Collimators are devices for shaping the x-ray beam and centering it on a 
part, usually more flexible and sophisticated than cones and diaphragms. 


Figure 4.1. Effect of the cone upon den 
and contrast. In the diagrams at left, it i 
be assumed that only the central portior 
the body section shown is of diagno: 
interest. In the first diagram, without co 
it will be seen that secondary radiation 
up in portions of the body outside the a 
of interest but within the area irradiated 
the x-ray tube can reach the film: the res 
ing secondary-radiation fog will incre 
density and reduce contrast in the rac 
graph. The second diagram demonstré 
the use of a cone to restrict radiation to 
area of interest. Since the area in wh 
secondary radiation can be set up is 
duced, secondary-radiation fog density 
the resulting radiograph will be redu 
and contrast will be improved. 
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ure 4.2. Radiograph showing the use of acylinder Figure 4.3. Radiograph of the lateral mastoid, with 
e: Stenvers view. a cylinder cone. 
a Ge Jt 
os. 
aS PA. 





5} 





ure 4.4. Radiograph of the optic foramen, with a Figure 4.5. Radiograph of an infant skull, with a 
nder cone cylinder cone 


The modern collimator uses light to center the x-ray beam and produces 
openings by means of several sets of adjustable shutters. Thanks to exact 
positioning and limiting of the beam area, the patient need not be exposed 
unnecessarily to x-radiation, and the off-focus radiation that may fog the 
film is avoided. Available beam shapes vary from near-circular polygons, 
large and small, to rectangular slots with choice of axis (Figure 4.8). The 
collimator often allows for the insertion of filters and measuring tapes. 
More than seventy years ago, in the April 4, 1903, issue of The Electrical 
Review, an article on “The Form of the Opening in the Diaphragm Plate of 
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Figure 4.6. A radiograph taken without a cone. Note Figure 4.7. The same area as in Figure 4.6, taken w 
the lack of contrast and increased fog density. a cone. 


the X-Light Tube Box and on a Means of Adjusting the Size of the Beam of 
X-Light’’ made a statement that holds good today: 


The opening in the diaphragm plate of the X-light tube box should be rectangular for 
diagnostic and photographic work because this is the form of the fluorescent screen 
and photographic plate. If we use a round opening, the section of the cone of X-light 
escaping from the tube box is a circle. [See Figure 4.9.] It is evident the only part of 
the illumination which will be useful will be that included in the rectangular area of the 
largest plate or screen. All the X-light (radiation) which strikes the patient outside the 
rectangular area PS is objectionable, for it is unwise to expose a patient unnecessarily; 
besides the excessive illumination fogs the plate. 


The collimator takes the guesswork out of localizing and centering the 
part to the film. Scattered radiation is controlled, producing better radio- 
graphic contrast; and there is a reduction of radiation to the patient. The 
collimator shows exactly the body area to be exposed before the exposure Is 
made. 


FILTERS 


The filters normally used in radiography are sheets of aluminum placed 
between the x-ray tube and the part to be exposed. The thickness of the 
filter will depend upon the kilovoltage employed, but external filtration of 
at least 2 mm. of aluminum is recommended. 

It has long been customary to use a 2-mm. aluminum filter in medical 
radiography. Such a filter is known to remove some of the softer x-rays, 
which would be almost completely absorbed in the patient and would be of 
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Routine High definition Typical large 


image areas image areas area Coverage 
(gall bladder) (sinus & mastoids) (abdomen) 


Loa 


Selective Special 


area coverage technique coverage 
(esophagus) (femoral arteriogram—14"x 36” at 64”) 





Figure 4.8. Some examples of beam shapes (‘‘geometry’’) available from the shutter systems of a 
modern collimator. 


no value to the radiographic image. Radiation of this nature, absorbed by the 
patient, contributes to his radiation dosage. Trout and his co-workers 
studied the effect on radiographic contrast of various amounts of filtration 
and the corresponding reduction in the patient dosage. They found that 
from 1 to 3 mm. of aluminum could be used, depending on the body part, 
without detrimentally affecting the radiographic image quality. 

Gianturco, Miller, and Wenks use 2 mm. of aluminum up to 50 Kv.P., 4 mm. 
between 50 and 90 Kv.P., and 6 mm. between 100 and 120 Kv.P. 


Figure 4.9. How the rectangular diaphragm improved 
the shape of the x-ray beam 


ena 


PS 
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Figure 4.10. A wedge filter Figure 4.11. A trough filter. 


The author has found 3 mm. total filtration to be adequate up to 100 Kv.P.; 
the resulting radiographs are of superior quality to those in which 1 or 1'/, 
mm. of aluminum was used. No additional adjustments in milliampere- 
seconds were required except in chest radiography at 80 Kv.P., for regular 
film in a cardboard holder for extremities, and low-voltage infant extremity 
techniques. 

According to Trout, Kelley, and Cathey, added filtrations of up to 2 mm. of 
aluminum at voltages up to 70 Kv.P., and above 70 Kv.P. 3 mm. or 0.1 mm. of 
copper, produce no significant changes in the radiograph. They state 
further, that at 130 Kv.P. and thick parts, even 0.25 mm. of copper does not 
alter the radiograph. 


WEDGE AND TROUGH ALUMINUM ADAPTER FILTERS 


The wedge and trough adapter filters provide uniform density throughout 
the radiograph in certain examinations where body parts vary widely in 
opacity. The filters hold back radiation where body parts transmit too much 
radiation and increase it where body parts transmit too little. Thus, one 
radiograph of uniform density serves where two were required previously. 

The DuPont Company offers two types of compensating filters, the wedge 
and trough filters, made of machined wrought aluminum. Each filter is 
designed for a specific examination. 


THE POTTER-BUCKY DIAPHRAGM 


The grid diaphragm was invented by Gustav Bucky of Germany in 1913; 
however, it was not very practical, since it was used in a stationary position. 
Dr. Hollis Potter of Chicago made the Bucky practical by moving the grid 
during the radiographic exposure, a procedure that blurred the grid lines out 
of the image. The grid has since been known as the Potter-Bucky diaphragm. 

A series of articles published in the early thirties by R. B. Wilsey presented 
the results of quantitative determinations of the proportion of scattered 
radiation in the radiography of a water phantom, under a variety of combina- 
tions of thickness, kilovoltage, and field size. These papers, which are con- 
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Figure 4.12. Left, detail of a grid. Note how a large portion of the scattered radiation is 
absorbed, but image-forming radiation passes through. Right, diagram of a Potter-Bucky 
diaphragm. 


sidered classics in their field, showed an increase in scatter with increase 
in each of these three variables. 

In 1949 Trout, Graves, and Slauson published a paper in which they 
showed the effect of the use of high-ratio grids on radiographic contrast at 
the higher kilovoltages. This work was undertaken because of the increasing 
interest in extending the kilovoltage range up to 130 Kv.P. Because of their 
greater efficiency in the removal of the scattered radiation, the use of high- 
ratio grids made possible the production of radiographs of satisfactory 
contrast at high kilovoltage, and at the same time reduced tube loads and 
radiation dosages to the patient. 

There is, however, a limit to the advantages gained by grids and the use 
of higher kilovoltages. Wilsey showed that the exposure of the normal adult 
chest of medium size is formed by about 45 per cent primary radiation and 
55 per cent scattered radiation. This fact led Seemann and Splettstosser 
to do research on subject contrast employing an 8-to-1 and a 16-to-1 grid. 
They found by employing a 5.7 cm. phantom which approximated the normal 
chest, that in subject contrast, and with such relatively small amounts of 
scattered radiation, an 8-to-1 grid is almost as useful as a 16-to-1 grid. The 
16-to-1 grid should be employed only when it offers a significant advantage 
by increasing subject contrast. Several types of examinations in which 
higher kilovoltage (120-150 Kv.P.) and 16-to-1 grids have been widely ac- 
cepted are pregnancy studies and gastrointestinal, colon, and lateral lumbar 
spine radiography. The 12-to-1 grid now seems to be the most popular 
grid for general radiography. 
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OUT OF RADIUS 
ABSORPTION ON 
GRID EXTREMES 


AT GRID RADIUS 
EQUAL ABSORPTION 
OVER ALL 


Figure 4.13. The effect of grid radius and distance on absorption. 


Since the first grid was built in 1913, Bucky’s principle of /ead foil strips 
standing on edge separated by x-ray-transparent interspacers has remained 
the only known way to trap the secondary or scattered radiation. 


Crossed grid for Potter-Bucky diaphragm 


The Liebel-Flarsheim Company is now manufacturing a cross-hatch grid 
for use in its Recipromatic Potter-Bucky Diaphragm. This cross-hatch grid 
equals the 16-to-1 linear grid for clean-up and freedom from grid pattern, yet 
allows generous positioning latitude. It is especially good for high kilo- 
voltage work. Its only contra-indication is for angled techniques. This is the 
first full size cross-hatch grid for Bucky radiography and is available in 
focus-film distance ranges of 34 to 44 inches, and 48 to 72 inches, at 80 lines 
per inch. The actual ratio is 8 to 1 with an effective ratio of 16 to 1 plus. 


Grid cut-off 


There are certain restrictions one must observe when employing a grid. 
These restrictions concern the centering of the x-ray tube, direction of 
stereoshift, direction and degree of ti/t of the x-ray beam, and the choice 
of focus-film distance. 

All of these factors are involved with the direction of the primary beam in 
its passage through the grid. Ratio governs the amount of restriction placed 
on the technologist. A low-ratio grid is easy to work with because some off- 
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re 4.14. Radiographs of a skull made in stereo with a 16-to-1 grid. A and B are made with a crosswise (hori- 
al) shift; C and D with an up-and-down (vertical) shift. 


centering and distance change can be tolerated, while a high-ratio grid 
requires very precise centering and operation only at the focal distance of 
the grid. 

The ratio of a grid is defined as the relation of the height of the /ead strips 
to the width between them. Thus, with interspacers 8 times as high as they 
are wide, a grid is said to be 8-to-1 ratio or ‘‘8-to-1.” 


STEREORADIOGRAPHY 


An ordinary photograph made with a camera shows perspective: the rela- 
tive positions and sizes of the various objects shown in the photograph are 
readily apparent. This is not true of a radiograph because it is a shadow 
picture of overlying parts having various opacities to x-ray. The single radio- 
graph does not necessarily show the depth in the structures. 

Stereoradiography is relatively simple for all modern x-ray machines and 
almost any region of the body may be stereoradiographed with little effort; 
however, two requirements must be kept in mind: namely, perfect position- 


49 


FORMULATING X-RAY TECHNIQUES 








. & ‘ a 
Figure 4.15. Radiographs of the skull made with an 8-to-1 grid. A and B have a crosswise (horizontal) shift; C a 
an up-and-down (vertical) shift. 
ing and complete immobilization. Stereoscopic vision is directly dependent 
upon the definition in the radiographic images as well as the degree of 
stereoscopic shift and a moderately long anode-film distance (36 inches) 
for creating a greater depth of focus. 

Stereoscopic films are made by exposing two films; the part of the body 
and the film are in exactly the same position, but with a different position 
of the anode of the tube for each exposure. In stereoscopic views of the 
chest the plate must be changed without disturbing the part, and this is 
provided for by the use of a cassette changer. 

In exposing stereoscopic films, the distance and direction of the shift of 
the tube between the two exposures are both of considerable importance. 
Normally the distance of the tube is controlled by the construction of the 
stereoscope in which the films are to be examined; using a stereoscope 
with a 25-inch distance between the mirrors and the view boxes, a 21/,-inch 
stereo shift would be required. Generally speaking, the tube shift in stereo- 
scopic radiography should be 10 per cent of the anode-film distance. 

The direction of the tube shift in exposing stereoscopic film is controlled 
by the direction of the predominating lines in the parts being radiographed. 
The tube shift should be as nearly as possible at right angles to the line. 
In the thorax the predominating lines are the borders of the ribs; therefore 
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Figure 4.16. Three common grid patterns: linear (left), crossed (middle), and rhombic (right). 


the tube shift should be along the vertebral column. In making films of the 
long bones, the shift should be across the bones; for those of the skull it 
may be in either direction, depending on which structures are to be in- 
vestigated. In exposing stereoscopic films, the parts to be radiographed 
are placed in position as for a normal single radiograph. For the first film 
from the center position, the tube is moved in the proper direction one-half 
of the distance of the shift. It is now in position for the exposure of the first 
film, and when this has been made, the tube should be moved past the center 
position an equal distance and the second film exposed. 


Stereo shift and grids 


With a 5-to-1 or 6.5-to-1 Bucky grid, one may stereo-shift across the grid 
strips. Tube centering is not critical, and the focus-film distance can be 
changed through a reasonable range. As grid ratio increases, cross-shift 
stereoscopic exposures become difficult. The difficulty is in matching the 
density of the two films of the stereo pair. It is recommended that cross-table 
stereo-shifting be abandoned when using an 8-to-1 grid. When a 16-to-1 
grid is used, cross-shift stereoscopic radiography is impossible. The radio- 
graphic tube must be centered precisely over the midline of the table and 
focus-film distance must be fixed at the focal distance of the grid. Whenever 
an underexposed radiograph results from a technique that has been giving 
consistent results with a 16-to-1 grid, always check the tube centering. The 
tube may have been ‘‘off center’ to account for the underexposure. 


Linear grids vs. cross-hatch. The term ‘‘linear’’ refers to a grid that has 
lead lines running in only one direction. Linear grids are very popular and 
versatile. 

If cross-hatch grids are used, it is impossible to tilt the tube more than 
just enough to accomplish a stereo-shift in either direction. Cross-hatch 
grids are normally used for high kilovoltage at a fixed distance and the 
central ray aligned at 90° to the grid surface. 


Off-distance cut-off. Off-distance cut-off occurs when a grid is used ata 
focus-film distance greater or less than the focus distance of the grid. It 
appears on the radiograph as areas of decreased density along the outside 
edges of the film or on the fluoroscopic image (Figures 4.17 and 4.18). 


Stereoradiography: accessory nasal sinuses 


Caldwell projection. |n the posteroanterior projections of the sinuses, it 
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Figure 4.17. An example of grid cut-off. Figure 4.18. The grid cut-off of Figure 4.17 correct 


is important that the stereoscopic shift be made vertical and front to back 
and never crosswise, in order to prevent overshadowing of the anatomy of 
interest by the oblique projection of adjacent structures. 

The normal Caldwell projection should throw the shadow of the petrous 
portion of the temporal bone in the upper portion of the maxillary sinuses. 


Waters projection. When using the Waters projection for the maxillary 
sinuses, the shadow of the petrous portions of the temporal bone should 
be thrown below, or caudad to the antra. The tube shift should be made 
toward the top of the head (cephalad), so the antra will be free of super- 
imposed structures. 


Lateral projection. |In the lateral projections, the tube shift may be hori- 
zontal or vertical. 


Sphenoid, open-mouth projection. The tube shift should be horizontal 
(cephalad). 


STATIONARY GRID 


The stationary grid is a modern application of the original Bucky principle 
—elimination of secondary radiation by means of a mechanical grid placed 
between the film and the body part being examined. There are numerous 
applications where there is need for elimination of secondary x-ray but 
where the Potter-Bucky diaphragm cannot be employed. The stationary grid 
is used for fluoroscopy, portable radiography, spot-film radiography, and 
unusual techniques, such as large chest radiography (Figures 4.19 and 
4.20), and oblique cervical spine radiography which require target-to-film 
distances above the limits of regular Potter-Bucky diaphragms. 

Stationary grids are of two types, paralle/ and focused (Figure 4.21). In 
the parallel grid the lead strips are not angulated; it is used where the film 
is of limited width or where the target-to-film distance is great. Any applica- 
tion requiring the use of a wide film at moderate target-to-film distance calls 
for the use of a focused grid in which angulation of the lead strips is present. 
The focused grids are aligned for either 30- or 36-inch focus-film distance. 
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Table 4.1 STEREOSCOPIC TUBE SHIFTS FOR COMMON FOCUS-FILM 
DISTANCES UNDER PRACTICAL VIEWING CONDITIONS 


For eye-image distance of 


25 inches 28 inches 30 inches 





Focus-film distances Use tube shift Use tube shift Use tube shift 





(inches) (inches) of: (inches) of: (inches) of: 
25 ule Os 21/6 
30 Hii Pr fr 
36 Sie Sir BYE 
42 4°/, An ie 3%, 
48 yf es 4°/ 
60 6/16 6 5, 
72 Bien A/a 6s 
84 Q¥/, 8/, Tl, 
96 1/6 Oe oi 








SELECTION OF A GRID 


The selection of a grid to be used for a particular radiograph will be pri- 
marily dependent on the following considerations: 


1. Relative quantity of secondary radiation produced by subject being 
radiographed; 

2. Kilovoltage technique to be used; 

3. Capacity of x-ray generator. 


/ 4.19. Chest radiograph of a large patient, Figure 4.20. Radiograph of the patient of Figure 4.19, 
without a grid. made with a grid cassette. 





53 


FORMULATING X-RAY TECHNIQUES 


WW 


\Wyi My” 


Jip 
PHN 


' 
1 
| 
] 
| 
1 
' 
SPECIFIED yy pit. | 
' 
| 
| 
\ 
' 
1 
1 


| 
|| 
| 
| 
i 
| 


ee eee - mC - 
wee ee eee oe ere TE 


| | | 
, | 
| | | 
N 
| | 
1 
t ' 
| | 
| 
' 
rititl 
| ! 
i | 
' ' 
| | 


! ' 
| eee 
‘ | | t ‘ 
FOCAL ae \ ' | | 1 | ' 
DISTANCE oes VN ie : | | | | 
LENS ny ee | aa oie | 
wae ee el | ae 
/ al ae ES i tal 1 eae 
(ie ae | ae 


FOCUSED PARALLEL 
(CROSS SECTION) (CROSS SECTION) 


Figure 4.21. Cross sections of two grid arrangements: left, a focused grid with progressively angled lea 
right, a parallel grid. 


The quantity of secondary radiation produced is dependent on the thick- 
ness and relative density of the body volume being radiographed. A non- 
grid exposure of the chest will consist of about one-half secondary radia- 
tion, while a non-grid exposure of the abdomen may consist of more than 
90 per cent secondary radiation. From this, it is apparent that for dense body 
sections the more effective remover of secondary radiation will provide the 
most striking improvement in the radiograph, and this suggests the use of a 
high-ratio grid or a crossed grid. The choice between these two grids de- 
pends on the ease of aligning the grid correctly relative to the x-ray tube, 
and whether a high- or low-kilovoltage technique is to be used. If there is 
any question of the possibility of proper centering and leveling, or if low 
kilovoltages are to be used, the crossed grid of 5-to-1 ratio will present much 
greater advantages from the standpoint of positioning latitude and cleanup. 
For high-kilovoltage techniques, particularly if the grid can be accurately 
aligned or if it is mounted in a Potter-Bucky diaphragm, greater advantages 
will be gained with the high-ratio linear grid or an 8-to-1 rhombic grid. 
(Crossed grids are not recommended for the techniques that require angling 
of the x-ray tube.) 

At kilovoltages of the order of 100 Kv.P. or more, comparable photographic 
effect requires lower Ma.S. values than at low kilovoltages to keep the 
radiation dosage to the patient low. However, in order to maintain the same 
contrast range at the higher kilovoltage, it is necessary to use a grid of higher 
ratio. The exposure factors are not the same for all ratios, and the increased 
exposure required for a high-ratio grid may to some extent reduce the 
patient-dosage advantage gained by going to high-kilovoltage techniques. 
In general, in spite of the higher exposure factors involved, the use of high 
kilovoltage and high-ratio grids will result in somewhat lower radiation 
dosage to the patient. 

All technologists must work within the limitations of the physical char- 
acteristics of the x-ray equipment at their disposal. While this may not be 
as important a consideration in the selection of a grid as some others, itis a 
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factor to be considered. For instance, the maximum benefits to be derived 
from a 16-to-1 grid will not be realized with a unit whose top limit is 90 Kv.P.., 
although there will be some advantages over a lower-ratio grid. In general, a 
16-to-1 grid will do the most good with equipment which can be used at 
kilovoltages above 100 Kv.P. This applies also, to a lesser extent, to the 
12-to-1 grid. With a bedside or portable unit, where the likelihood of near- 
perfect alignment of the grid relative to the primary beam is poor, the use of 
the high-ratio grids is practically impossible, and difficulties may be en- 
countered even with the 8-to-1 grids. For such use, where wide latitude in 
distance, centering, and leveling is necessary, the 5-to-1 grid is advisable, 
and for maximum cleanup under these conditions the 5-to-1 crossed grid 
is ideal. 


Table 4.2 GRID CHARACTERISTICS 








Type of grid Features and uses 
4:1 ratio, linear Special grid for use in image intensification and spot-filming 
(low dose) It offers adequate cleanup for small coned-down areas, 


combined with relatively small patient dosage 


5:1 ratio, linear Moderate cleanup. Extreme latitude in use. Use at lower 
kilovoltages (up to 80 Kv.P.) wherever wide latitude is 
desired. Very easy to use 


5:1 ratio, crossed Very high cleanup, especially at lower kilovoltages. Extreme 
latitude in use. Use up to 100 Kv.P. wherever wide latitude 
and excellent cleanup are desired. Very easy to use. Not 
recommended for tilted-tube techniques 


6:1 ratio, linear Moderate cleanup. Good positioning latitude. Easy to use 


8:1 ratio, linear Better cleanup than 5:1 linear. Fair distance latitude 
Little centering and leveling latitude. Use up to 100 Kv.P 
where wide latitude is not required 


12:1 ratio, linear Better cleanup than 8:1. Very little positioning latitude 
Use for both low and high kilovoltage techniques (up to 
110 Kv.P. or slightly higher). Extra care is required for 
proper alignment in use. Usually used in a fixed mount or 
Potter-Bucky diaphragm. 


16:1 ratio, linear Very high cleanup. Practically no positioning latitude 
Intended primarily for use above 100 Kv.P. in a Potter-Bucky 
diaphragm. Excellent for high-kilovoltage radiographs of 
thick body sections 


8:1 ratio, crossed Extremely high cleanup. Superior to 16:1 ratio linear grid at 
kilovoltages up to 125. Positioning latitude equivalent to 
8:1 ratio linear. Not usable for tilted-tube techniques. 


10:1 ratio, 133 line, Special grid for maximum line invisibility. Cleanup similar 
linear to 8:1 linear. Very little positioning latitude. Extra care 
is required for proper alignment in use. Best grid to use 
stationary in a table to replace the moving Bucky grid 
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Figure 4.22. Primary cutoff in a parallel grid. 


Faulty use of grids 


A primary cutoff can easily occur with a parallel grid. As may be seen in 
Figure 4.22, only the leads directly under the tube anode in a parallel grid 
throw shadows no wider than themselves on the film. All other leads in the 
grid make shadows which are wider than the thickness of the lead by amounts 
proportionate to their distances from the centerline. This cutoff of primary 
radiation results in progressively decreased density as the edge of the film 
is approached. Compensation through tapering grid thickness toward the 
edges (prismatic focus) is undesirable because grid ratio decreases and 
effectiveness is lost beyond the center portion of the film. 

In off-distance cutoff in a focused grid (Figure 4.23) the effect is much 
the same as when a parallel grid is used; i.e., there is a progressive decrease 
in density as the edge of the film is approached. However, if the grid is used 
within its specified focus range this effect should not be objectionable. 

In off-center and off-level cutoff (Figure 4.24) the effect is somewhat dif- 
ferent than with tube off-distance. Since all the leads are out of correct 


Figure 4.23. Off-distance cutoff in a focused grid. 
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re 4.24. Off-center and off-level cutoff in a focused grid. 


alignment with the primary rays, the entire film will show a lighter density 
than it should with proper alignment of the grid. Local misangulations in the 
grid are also much more apparent when it is used off-center or off-level. 
These conditions should be carefully avoided with grids of 8-to-1 ratio or 
higher. 

Care is also worth taking to compensate for the effect of grid ratio. In 
Figure 4.25 radiation at angle X will be more attenuated by passing through 
more leads in the high-ratio grid than in the low-ratio. The maximum angle 
of fully transmitted secondary radiation will also be smaller for a high-ratio 
grid than for a low-ratio grid. This clearly indicates why high-ratio grids re- 
move more scatter and require increased exposure. 


The Potter-Bucky diaphragm 


When a Potter-Bucky diaphragm is used, the exposure must be increased 
enough to compensate for: 

1. A reduction of about 85 per cent (depending on grid ratio) in the in- 
tensity of the secondary radiation reaching the film. 

2. A slight reduction in the intensity of the primary radiation reaching the 
film, due to the filtration of the table top and the Bucky grid. Under average 


Figure 4.25. The effect of ratio on cleanup. 
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circumstances, a Bucky technique requires at least 3 times as much expo- 
sure as non-Bucky technique or an increase in Kv.P.— approximately 20 Kv.P. 
for an 8-to-1 grid. Stationary grids require slightly less exposure than that 
required for a Potter-Bucky diaphragm. 

The smallest cone possible should be used for every part. A grid should be 
used for any part which is solid and not air-contained, or where there is 
edema or accumulation of fluid. In general, a grid should be considered for 
any part 12 centimeters and above except some small parts, sinuses, lateral 
mandible, etc. 

In converting a non-grid technique to a grid technique, we must increase 
either the Ma.S. or the kilovoltage because of the absorption of the grid. 
Tables 4.3 and 4.4 may be used as guides in determining the conversion 
factor. 


Table 4.3 GRID CONVERSION FACTORS IN Ma.S. 








From No-Grid To Ma.S. 
5-1 Use 1'/, times the Ma.S. 
6-1 Use 2 ‘ a 
8-1 Use 3 
12-1 Use 3'/, 


| 16-1 Use 4 








Table 4.4 GRID CONVERSION FACTORS IN Kv.P. 


From No-Grid 














add 8 Kv.P. 
add 12 Kv.P. 
add 20 Kv.P. 
add 23 Kv.P. 
add 25 Kv.P. 





Note: To change from an 8-to-1 grid to a 16-to-1 grid, add 6 Kv.P. or increase Ma.S. by 30 per 
cent. 


Example: A non-grid technique for the A.P. knee calls for: 


36-inch focus-film distance 
100 Ma. 

7,19 second 

screens 

60 Kv.P. 


If it is desired to increase the contrast scale by employing the 8-to-1 grid, we would then use: 
36-inch focus-film distance 


100 Ma. 
vy second 
screens 
8-1 grid 
60 Kv.P. 


If we wanted to use Kv.P. for our conversion, we would use 80 Kv.P. and all other factors con- 
stant. See Figures 10.31 and 10.32 
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GRID ABSORPTION 


The approximate percentages of secondary radiation absorbed by grids 
of various ratios are: 5-to-1, 75 per cent; 6-to-1, 85 per cent; 8-to-1, 90 per 
cent; 12-to-1, 95 per cent. 

A large part of the density produced on a film by an exposure made with- 
out a grid is due to secondary radiation, and because the grid itself absorbs 
some primary radiation, it is necessary to increase the exposure when a 
grid is used. The amount of increased Ma.S. or Kv.P. is dependent upon the 
grid ratio and the kilovoltage being used. See Tables 4.3 and 4.4 for con- 
version factors. 


THE ANODE HEEL EFFECT 


Various investigators have drawn attention to the angular distribution of 
radiation intensity from the anode face. Experiments have been described 
in which ionization measurements were made of the intensities emitted at 
various angles. The results were illuminating: a wide range of intensities 
that could have positive radiographic effect was demonstrated. But little 
more than academic interest has been awakened for applying this inherent 
characteristic of all x-ray tubes—the ‘‘heel effect’’—to influence balanced 
radiographic densities in the image. It must be understood that evidence of 
the heel effect does not signify a tube fault, for it is an advantageous char- 
acteristic of all x-ray tubes and is an invaluable means toward producing 
balanced radiographic densities (Figure 4.26). 

Unexplainable radiographic density differences which could not always 
be attributed to the incorrect use of exposure factors have annoyingly oc- 
curred on radiographs in many x-ray departments. These annoyances have 
been largely attributable to improper alignment of the tube to the part so 
that the heel effect could not be properly employed. 

The heel effect is a variation in x-ray intensity output (depending upon the 
angle of x-ray emission from the focal spot) along the longitudinal tube axis 
and in relation to the long axis of a film. The intensity diminishes fairly 
rapidly from the central ray toward the anode side of the x-ray beam; on the 
cathode side of the beam, intensity increases slightly over that of the central 
ray. Generally the heel effect is limited in its application at long focus-film 
distances. When average or short distances are used on large film areas, 
its effect is most advantageous, particularly where decided differences in 
tissue densities require balancing of radiographic densities to avoid over- 
and underexposures within the same image. 

The approximate percentage of x-ray intensity emitted by a tube at various 
angles of emission may be determined directly from photometric measure- 
ments of the radiographic blackening of an x-ray film. For radiographic 
purposes, this procedure is adequate and gives an indication of the approxi- 
mate percentage of quantity variation to be expected when the x-ray beam 
falls on specific areas of different sizes of x-ray films at various focus-film 
distances. Figure 4.26 graphically represents the mean values of radiographic 
density measurements obtained from many intensities emitted by various 
x-ray tubes. This diagram, drawn to scale, shows radii emanating from the 
target face, drawn at 4° intervals from 0° to 40° and intercepting horizontal 
lines representing various focus-film distances. At the termination of the 
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Figure 4.26. The anode heel effect. |Courtesy, Eastman Kodak Co. | 


radii at the bottom of the chart, the mean density values in percentages are 
indicated. For convenience, the radiographic density caused by the central 
ray (CR) is figured as 100 per cent. To the left or anode side of the central 
ray, the densities diminish in value, while those to the right or cathode side 
increase moderately and then decrease slightly. 

The spaces between the vertical dotted lines beginning just below the 
diagram of the anode and terminating at the 72-inch focus-film distance 
line, when approximately paired, indicate the length of each size of film 
and the approximate location at various focus-film distances of the respec- 
tive density values created by the intensities of radiation at various angles 
of x-ray emission. For example, on the 48-inch focus-film distance line the 
outermost pair of vertical lines representing the 36-inch length of film passes 
outside the limits of the x-ray beam. In order to make use of the entire range 
of intensities on this length of film, it would be necessary to employ a focus- 
film distance of 49 inches. All intensity radii would intercept at this distance; 
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re 4.27. Limiting factors in short-focus radiog- 
y on large film sizes 


Figure 4.28. Anteroposterior screen-grid radiographs 
of thoracic vertebrae that demonstrate the density 
variation caused by the anode heel effect. Left, cathode 
portion of x-ray beam directed cephalad. Right, cath- 
ode portion directed caudad (toward greater body 
thickness). Note more favorably balanced densities 
over entire image in the righthand radiograph. 





consequently, if an exposure were made, the entire range of intensities 
would be expected to become evident, let us say, on a radiograph of an entire 
spine. Since the minimal intensity in the anode portion of the beam, approxi- 
mately 31 per cent, is emitted in advance to the angle indicated as 0°, it is 
obvious that the portion of the spine having least tissue density (the neck) 
should be exposed by this portion of the beam and the heavier portion (the 
lumbar vertebrae) by the cathode portion of the beam. 

When radiographs on large film are made at relatively short focus-film 
distances, a knowledge of the distribution of the intensity in approximate 
percentages delivered to a particular size of film at a known focus-film 
distance is indispensable to correct alignment of the tube and part to the 
film at the most favorable focus-film distance. Radiographic densities cannot 
be balanced if only the intensity of the central ray is considered (Figure 4.27). 

Radiographs are often secured in which a certain area of the image is 
definitely underexposed while another is overexposed, even though the 
factors seemed adequate for the tissue-density traversed by the central ray. 
This condition usually occurs when improper alignment of the tube relative 
to the part takes place. This lack of balance between radiographic densities 
is typical of the heel effect of the anode when it is improperly applied (Fig. 
4.28). 

The general rule for utilizing the heel effect is as follows: Align the long 
axis of the tube parallel with the long axis of the part to be examined and 
direct the cathode portion of the beam toward the anatomic area of greatest 
tissue density. 
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IN RADIOGRAPHY 


A great many problems in radiography can be reduced to mathematics. 
Technique problems and conversions can be quite accurately calculated. 
Such calculation represents a much more scientific approach to radio- 
graphic technique than the old “hunch method” of radiography. This chapter 
of simple arithmetic is intended to refresh the student's mind on the funda- 
mentals that are essential for the proper understanding of the modern 
physical principles of radiography. It is taken for granted that the student 
technologist has had an elementary course in high school mathematics. 


FRACTIONS 

A. A fraction has a numerator and a denominator. The number above the 
line is called the numerator and the number below the line, the denominator. 
Example: |n the fraction “/,, the number 3 is the numerator, and the number 4 below the line is 
the denominator. This fraction, ‘/,, indicates that 3 is being divided by 4. 

B. In multiplying fractions, take the product of the numerators and place 
it over the product of the denominators and then simplify this new fraction. 
Example: 


Y, xi = 3x4 — 12 
4x5 20 


C. To reduce, simply divide the numerator and the denominator by the 
same number. 


Example: 


12 6.03 


20 10 5 
D. |In computing Ma.S. values, it is often convenient to use the decimal 
equivalent of the fractional exposure. 
Example: 
*/, second would be: 625. See Table 7.7 in Chapter 7. 
E. The word “‘of” is often used to mean “multiply.” 
Example: 


Yy Of Yo => X b=", 
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EQUATIONS 


In solving equations we place the unknown on the left and solve for the 
unknown first. 


Example: 
= =" Find a 
be 
a=— 
d 


This means a is equal to b times c, divided by d. 
If a letter or number from the right is taken, we place it on the lower left 
and the letter or number on the bottom left goes to the upper right. 


Example: 


DECIMALS 


A decimal, which is a number with a decimal point (.), is actually a fraction, 
the denominator of which is understood to be 10 or some power of 10. 


A. The number of digits, or places, after a decimal point determines which 
power of 10 the denominator is. If there is one digit, the denominator is 
understood to be 10, etc. 


Example: 
l= hho, 39 = 8/500; 127 = ToT Toon: 
B. The addition of zeros after a decimal point does not change the value 
of the decimal. 
Example: 
.9 = .90 = .900 and vice versa, 
.900 = 90= 9 
C. Since a decimal point is understood to exist after any whole number, 


the addition of any number of zeros after such a decimal point is written in 
does not change the value of the number. 


Example: 


6 = 6.0 = 6.00, etc 


PERCENTAGES 


The per cent sign (%) is a symbol used to indicate percentage, but no 
operations can be performed with the number to which it is attached. For 
convenience, then, it is sometimes required to attach a per cent sign, but 
to perform operations with the number, it is necessary to remove the sign. 
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A. In general, to remove a per cent sign, divide the number by 100. 
Example: 
900% =9 
B. A per cent may be expressed as a decimal or a fraction by dividing it 
by 100. 
Example: 
43% = .43 
7% =o OF .O7 


C. A decimal may be expressed as a per cent by multiplying it by 100. 
Example: 
.39 = 39% 


RATIO 


A. A ratio expresses the relationship between two (or more) quantities in 
terms of numbers. The mark used to indicate ratio is the colon (:) and is 
read as ‘‘is to.”’ 


Example: 
The ratio 6:7 is read ‘'6 is to 7.” 

B. A ratio represents the function of division. Therefore, any ratio of two 
terms may be written as a fraction, and any fraction may be written as a ratio. 
Example: i , 
7:8=% 

oS 

C. To simplify any complicated ratio of two terms containing fractions, 

decimals, or per cents: 


1. Divide the first term by the second. 
2. Convert to a ratio. 


Example: 

Simplify the ratio °/, : 7/, 
Solution: 

fe = Vg = Iq x *f, =o, 


20/,, = 20:21 
D. There are two main types of ratio problems: 


1. Problems in which the ratio is given. 
2. Problems in which the ratio is implied, but not given. 


E. To solve problems in which the ratio is given: 


1. Add the terms in the ratio. 
2. Divide the total by this sum. 
3. Multiply each term in the ratio by this quotient. 
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Example: A man bought three X-ray machines. The first one cost '/, more than the second, and the 
third ‘4, more than the second. He paid $30,000 for the three machines. How much did he pay 
for each? 


Solution: The basic machine is the second one, which has the ratio value of 1. The first machine 
cost '/, more than the second; therefore its ratio value is 1'/,. The third machine cost '/, more than 
the second, therefore its ratio value is 1'/,. 

Ratio of the costs = 1'/,:1:1'/, 

W4t+14+1% =", 

$30,000 = '°/, = $8,000 

$8,000 x 1'/, = $10,000 

$8,000 x 1 = $8,000 

$8,000 x 1'/, = $12,000 

The first machine cost $10,000 

The second machine cost $8,000 

The third machine cost $12,000 


PROPORTION 
A. A proportion indicates the equality of two (or more) ratios, often ex- 
pressed by the symbol ::. 
Example 
2:4= 5:10 = 6:12 is a proportion. The meaning of 2:4::5:10::6:12 is the same. 


B. |f a proportion contains only four terms, the two outside terms are called 
the extremes, and the two inside terms are called the means. 


Example: In the proportion 2:3 = 4:6, 2 and 6 are the extremes, and 3 and 4 are the means. 


C. In any proportion of four terms, the product of the means equals the 
product of the extremes. 


Example: Relation between milliamperage and time. 


1. Rule: The milliamperage (M) required for a given exposure is inversely proportional 
to the time (T). 

2. Problem: Suppose that 30 milliamperes (M,) and an exposure time of '/, second (T,) 
have been employed, and it is desired to decrease the exposure time to '/,, second 
(T,). What milliamperage (M.) would be required? 


3. Solution: 
ee 2¢ = 18) 
M,:M,::T.:T, aed 
SOEXeeguie 
YooX = 15 x =15 x 20 
x = 300 


x = 300 milliamperes 
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Chapter 6. BASIC EXPOSURE EXPERIMENTS 


The following experiments may be done on phantoms in order to give a 
better understanding of the basic principles of radiography. The experiments 
may be made by the instructor and a wealth of teaching material accumu- 
lated, or they may be made with each class in attendance. 

By repeating these experiments, the technologist will acquire a knowledge 
of radiographic technique that cannot be gained in any other way. 


Experiment 1: Focus-film density relation 


Purpose. To demonstrate the relation between focus-film distance and 
radiographic density. 


Theory. Any change in focus-film distance influences the intensity of radia- 
tion. The intensity varies inversely as the square of the focus-film distance. 
Since changes in distance produce changes in intensity, radiographic den- 
sity changes. 


Procedure 1. Make a series of three lateral radiographs of the skull using 
the following factors. 


Film: Regular 10 x 12 
Screens: Medium 10 x 12 
Grid: 8to1 

Distance: Variable factor 
Filter: 2-mm. aluminum 
Cone: To film 

Ma.S.: 15 

Time: 1/9 SEC. 

Ma.: 150 

Kv.P.: 85 
Development: Automatic 


Variable factors: 
Exposure 1: 25-inch FFD 
Exposure 2: 36-inch FFD 
Exposure 3: 48-inch FFD 


Comment. |t may be observed that as the FFD increased, the radiographic 
density decreased. 


Procedure 2. Follow the same routine as in procedure No. 1, but radio- 
graph a postero-anterior hand. 


Film: Regular 8 x 10 
Cardboard holder: 8 x 10 
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Grid: None 

Distance: Variable factor 
Filter: 2-mm. aluminum 
Cone: To film 

Ma.S.: 70 

Time: 7,9 SEC. 

Ma.: 100 

Kv.P.: 50 
Development: Automatic 


Variable factors: 
Exposure 1: 25-inch FFD 
Exposure 2: 36-inch FFD 
Exposure 3: 48-inch FFD 


Experiment 2: Time-FFD density relation 


Purpose. To demonstrate the interrelation of time of exposure and focus- 
film distance to radiographic density when all other factors are constant. 


Theory. The time required for a given radiographic density is directly 
proportional to the square of the FFD when all other factors are constant. 


Procedure. Make these postero-anterior radiographs of the hand employ- 
ing the following factors. 


Film: Regular 8 x 10 
Cardboard holder: 8 x 10 

Grid: None 
Distance: Variable factor 
Filter: 2-mm. aluminum 
Cone: To film 
Ma.S.: Variable factor 
Time: Variable factor 
Ma.: 50 

Kv.P.: 50 
Development: ~ Automatic 


Variable factors: FFD Time Ma.S. 
Exposure 1: 25 inches '/, sec. 25 
Exposure 2: 36inches 1 sec. 50 
Exposure 3: 48 inches 1%, 90 


Comment. The densities of these radiographs are approximately the same, 
because suitable exposure-time compensation has been made for each 
FFD change in accordance with the inverse square law. 

It is recommended that once an FFD is established for a given projection, 
it should be considered a constant. 


Experiment 3: Milliamperage —FFD density 


Purpose. To demonstrate the interrelation of milliamperage and focus- 
film distance to radiographic density. 
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Theory. When all other factors are constant, the milliamperage required 
for a given exposure is directly proportional to the square of the FFD. 


Procedure. Make a series of three postero-anterior exposures of the hand, 
employing the following factors. 


Film: 
Cardboard holder: 
Grid: 
Distance: 
Filter: 

Cone: 

Ma.S.: 

Time: 

Ma.: 

Kv.P.: 
Development: 


Variable factors: Ma. 
Exposure 17: 10 
Exposure 2: 30 
Exposure 3: 100 


Regular 8 x 10 

8 x 10 

None 

Variable factor 
2-mm. aluminum 
To film 

Variable factor 
Variable factor 
Variable factor 


50 

Automatic 

FFD Time Ma.S. 
Zouineeee Sec: 20 
40 in. 1°%/, sec. EES 
SO itt wh ySee, 120) 


If the exact Ma. station listed is not available, use any combination of Ma. 
and Time to give correct Ma.S. 


Comment. As the FFD changes, the Ma. and/or Ma.S. may be used to 
compensate for the normal loss in density. In routine radiography, however, 
Ma. should be established as a constant for a given projection whenever 


possible. 


Experiment 4: Influence of Ma.S. on density 


Theory. No practical amount of Ma.S. will compensate for inadequate 


kilovoltage. 


Procedure. Make a series of eight radiographs of the hand phantom in 
the postero-anterior projection. 


Film: 
Cardboard holder: 
Grid: 
Distance: 
Filter: 

Cone: 

Ma.S.: 

Time: 

Ma.: 

Kv.P. 
Development: 


Exposure: 
1 15 
2 30 
3 60 
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Regular 8 x 10 
8x 10 

None 

36-in. FFD 
2-mm. aluminum 
To film 
Variable factor 
Variable factor 
Variable factor 
30 

Automatic 


Ma.S.: 


Basic Exposure Experiments 


4 120 
5 240 
6 480 
7 960 
8 70 but use 50 Kv.P. 


Be sure to check the tube-rating chart before making this experiment. 


Comment. Only in radiograph No. 8 exposed for 70 Ma.S. at 50 Kv.P. do 
we have a practical amount of Ma.S. and sufficient kilovoltage to penetrate 
the part. 


Experiment 5: Kv.P.—density relation 


Procedure. Expose a series of four postero-anterior radiographs of the 
hand employing the following factors: 


Film: Regular 8 x 10 
Cardboard holder: 8 x 10 

Grid: None 
Distance: 36-in. FFD 
Filter: 2-mm. aluminum 
Cone: To film 

Ma.S.: 40 

Time: 4/19 SEC. 

Ma.: 100 

Kv.P.: Variable factor 
Development: Automatic 


Variable factors: 
Exposure 17: 40 Kv.P. 
Exposure 2: 50 Kv.P. 
Exposure 3: 60 Kv.P. 
Exposure 4: 70 Kv.P. 


Comment. The overall density of the radiographs increases with the Kv.P. 
Successive increases in kilovoltage cause corresponding increases in den- 
sity because of greater tissue penetration, since less radiation is absorbed 
by the tissues and more reaches the film. 


Experiment 6: Testing film of two different manufacturers 


Purpose. To find whether film A and film B of different manufacture may 
or may not be used interchangeably. 


Procedure. A series of two radiographs of the skull in the lateral projec- 
tions for each of the films should be made employing (1) low Kv.P. technique, 
and (2) higher Kv.P. technique. 


Film: Regular 10 x 12 
Screens: Medium 10 x 12 
Grid: 8 to 1 

Distance: 36-in. FFD 
Filter: 2-mm. aluminum 
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Cone: 

Ma.S.: 

Time: 

Ma.: 

Kv.P.: 
Development: 


Variable factors: 


Film A Exposure 17: 
Film A Exposure 2: 
Film B Exposure 3: 
Film B Exposure 4: 


Constant factor: 


All films should be exposed employing the same cassette. 


Comment. |n order to show that films A and B may be used interchange- 
ably, the contrast and density should remain the same for each set of radi- 


ographs. 


To film 
Variable factor 
Variable factor 


100 or 150 

Variable factor 

Automatic 

Kv.P. Ma.S. 

62 70 
85 1S 
62 70 
85 15 


Experiment 7: Kv.P.-Ma.S.—density relation 


Purpose. To prove that satisfactory overall density can be made compar- 
able by using Ma.S. to compensate for the density effect of changing kilo- 


voltage, provided the radiation penetrates the structure. 


Procedure 1. A series of four lateral radiographs of the skull should be 


made employing the following factors: 


Film: 
Screens: 
Grid: 
Distance: 
Filter: 
Cone: 
Ma.S.: 
Time: 
Ma.: 
Kv.P.: 
Development: 


Variable factors: 


Exposure 1: 
Exposure 2: 
Exposure 3: 
Exposure 4: 


Regular 10 x 12 
Medium 10 x 12 
8 to 1 

36-in. FFD 
2-mm. aluminum 
To film 

Variable factor 
Variable factor 
Variable factor 
Variable factor 


Automatic 
Kv.P. Ma.S. 
65 60 
75 30 
85 15 
95 TED 


Procedure 2. Postero-anterior radiograph of the hand. 


Film: Regular 8 x 10 
Cardboard holder: 8 x 10 

Grid: None 

Distance: 36-in. FFD 
Filter: 2-mm. aluminum 
Cone: To film 
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Ma.S.: Variable factor 
Time: Variable factor 
Ma.: Variable factor 
Kv.P.: Variable factor 
Development: Automatic 
Variable factors: Kv.P. Ma.S. 
Exposure 7: 50 70 
Exposure 2: 60 30 
Exposure 3: 70 20 
Exposure 4: 80 10 


Experiment 8: Effect of development and density 


Purpose. To demonstrate that as development time increases, density 


increases. 


Procedure. A series of 10 radiographs of the postero-anterior chest are 
made with the following factors: 


Film: 
Screen: 
Grid: 
Distance: 
Filter: 
Cone: 
Ma.S.: 
Time: 
Ma.: 
Kv.P.: 
Development: 


Measurement of patient: 


Variable factors: 


Regular 14 x 17 
Medium 14 x 17 
None 

72-in. FFD 
2-mm. aluminum 
To film 

SS 

fy SEC. 

100 

80 

Variable factor 
22 cm. 


Exposure 
Exposure 
Exposure 
Exposure 
Exposure 
Exposure 
Exposure 
Exposure 
Exposure 


Exposure 10: 


SOR CO DENS Le ranean NO ee 


Develop 1 min. at 68° 
Develop 2 min. at 68° 
Develop 3 min. at 68° 
Develop 4 min. at 68° 
Develop 5 min. at 68° 
Develop 6 min. at 68° 
Develop 7 min. at 68° 
Develop 8 min. at 68° 
Develop 9 min. at 68° 


Develop 10 min. at 68° 


Manual processing 


Experiment 9: Effect of temperature of developer on density 


Purpose. To demonstrate the fact that as temperature increases, develop- 
ment time must be decreased to compensate for increased activity. 


Procedure. Expose 4 postero-anterior radiographs of the chest with the 


following factors: 


Film: 


Regular 14 x 17 


71 


FORMULATING X-RAY TECHNIQUES 


Screens: Medium 14 x 17 
Grid: None 

Distance: 72-in. FFD 
Filter: 2-mm. aluminum 
Cone: To film 

Ma.S.: S10 

Time: /a9 SEC. 

Ma.: 100 

Kv.P.: 80 
Development: Variable factor 
Measurement of patient: 22 cm. 


Variable factors: 
Exposure 1: Develop 8'/, min. at 60° 
Exposure 2: Develop 5 min. at 68° 
Exposure 3: Develop 3'/, min. at 75° 
Exposure 4: Develop 2 min. at 80° 
Manual processing 


Experiment 10: Compensation of density by Ma.S. with 
increased kilovoltage 


[oor [om om [oe [oo] 8 [oes 


aol aes a a 


Ser. 


= 





— 


2 ~ : . : : 
a wn 
= 
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Average 
speed 
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Dev. 
Auto- 
matic 
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Experiment 12: Use of inverse square law in compensating density 
with increase in distance 


As distance increases, density is compensated for by inverse square law. 


ee eee 


Auto- | Reg- 
20 matic | ular 
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Experiment 13: Decrease in density with increase in distance 


As distance increases, density decreases, provided all other factors are 


Auto- aa 
matic | ular 


constant. 





Experiment 14: Effect of small changes in Kilovoltage on density 
Small changes in kilovoltage on direct exposure cause no readily dis- 


cernible change in density. 
Auto- | Reg- 
matic | ular 














Reg- 
ular 
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19 82 
20 83 
21 84 
22 85 





Experiment 15: Limited assistance of Ma.S. in removing secondary 


; Dev. Film 
Average | Auto- | Reg- 
matic |ular 


radiation fog 








ee 
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5 
66 








Experiment 16: Rule of thumb—halving or doubling Ma.S. to balance 
densities when Kv.P. is fixed 





Average | Auto- 
speed matic 
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Experiment 16, continued: 


Cervical 








mobiliza- 





Experiment 17: Influence of a grid in removing secondary radiation fog 
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cvon [roi [on [oe To [ow [fins 
Chest ie 


Chest 


Chest 





Experiment 18: Influence of cones and presence or absence P-B grid in 
elimination of secondary radiation fog 


Region | Pro. | Cm. | Kv. | D. | Ma. | S. |Ma.S. Ser. Dev. | Film | P-B 
ae Average | Auto- | Reg- 
Skull PA. 19 ZO eSO | OON Ei, 60 speed matic | ular | 8-1 
Skull 
Skull 
4 Skull 
5 Skull 
sss 





= 
3 








Nm 


a 





wo 














9 Skull 
Nos. 1 and 6—no cone Nos. 3 and 8—8-in. cone Or collimation 
Nos. 2 and 7—13-in. cone Nos. 4 and 9—6-in. cone equivalent 


Experiment 19: Wide exposure latitude 


Procedure 1. 


Absorber: Step Wedge 
Film: Regular 8 x 10 
Cardboard holder: 8 x 10 

Grid None 
Distance: 36-in. FFD 
Filter: 2-mm. aluminum 
Cone: To film 
Ma.S.: 10 

Time: 71) SEC. 

Ma.: 100 

Kv.P.: Variable factor 
Development: Automatic 
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Ma.S. Kv.P. 
Exposure 1: 10 60 
Exposure 2: 10 70 
Exposure 3: 10 80 
Exposure 4: 10 90 
Exposure 5: 10 100 

Procedure 2. 

Part: AP elbow 
Film: Regular 8 x 10 
Cardboard holder: 8 x 10 
Grid: None 
Distance: 36-in. FFD 
Filter: 2-mm. aluminum 
Cone: To film 
Ma.S.: Variable factor 
Time: Variable factor 
Ma.: 100 
Kv.P.: 60 
Development: Automatic 

Ma.S. Kv.P. 
Exposure 7: 50 60 
Exposure 2: 70 60 
Exposure 3: 90 60 
Exposure 4: 120 60 
Exposure 5: 140 60 


Experiment 20: Narrow exposure latitude 


Procedure 17. 


Part: PA chest 

Film: Regular 14 x 17 

Screens: Medium 14 x 17 

Grid: None 

Distance: 72-in. FFD 

Filter: 2-mm. aluminum 

Cone: To film 

Ma.S.: Variable factor 

Time: Variable factor 

Ma.: 100 

Kv.P.: 60 

Development: Automatic 
Ma.S 

Exposure 7: ZAS 

Exposure 2: 5 


Exposure 3: 10 
Exposure 4: 15 
Exposure 5: 20 
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Procedure 2. 


Part: Lateral skull 

Film: Regular 10 x 12 

Screens: Medium 10 x 12 

Grid: 8 to 1 

Distance: 36-in. FFD 

Filter: 2-mm. aluminum 

Cone: To film 

Ma.S.: Variable factor 

Time: Variable factor 

Ma.: 100 

Kv.P:: 60 

Development: Automatic 
Ma.S. 

Exposure 7: 50 


Exposure 2: 100 
Exposure 3: 150 


Comment. When the kilovoltage is insufficient to penetrate the part, no 
practical amount of Ma.S. will compensate for density. 


Experiment 21: Effect of voltage on exposure 


Purpose. To study the effect of voltage on x-ray exposures and prove the 
law that, other factors remaining constant, the intensity of an x-ray exposure, 
measured photographically, varies as the square of the voltage. 


Procedure. Use a non-screen film in a cardboard holder. Set and keep the 
milliamperes constant at 20 and the distance at 36 inches. Expose the dif- 
ferent areas, using the voltages and times given in the following table: 


Area No. Kv.P. Time in seconds Area No Kv.P Time in seconds 
1 40 4.0 5 40 2.0 
2 50 2.6 6 50 2.0 
3 60 He) 7 60 2.0 
4 70 ies 8 70 2.0 


Develop the film until the lightest area, no. 5, shows some blackening. 
Rinse, fix, wash, and dry the film. 


Discussion. The first four areas will exhibit approximately the same de- 
gree of blackening, while areas 5 to 8 will increase progressively in density. 
In exposing the first four areas, the voltage is changed 10 kilovolts for each 
area, but there is a corresponding decrease in the time to compensate for 
the increased voltage. The exposure times used have about the same ratio 
to each other as the numbers 1600, 2500, 3600, and 4900, which are the same 
as the squares of the voltages. This part of the experiment shows that the 
intensity of the exposure does vary directly as the square of the voltages 
measured in peak kilovolts. 

In the areas 5 to 8 the exposure time is kept constant so that an increase 
in the density of the film from areas 5 to 8 would be expected. 

The effects of voltage changes on x-ray exposures are influenced by a 
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number of factors. Most important of these is the original voltage or the volt- 
age appropriate for the part to be radiographed. Voltage changes will have 
a more pronounced effect if the original voltage is low than if it is high, be- 
cause a voltage change will add or subtract a greater proportion of shorter 
wavelengths from those produced by a lower voltage than from those pro- 
duced by a higher original voltage. See Chapter 7, Tables 7.3 and 7.4. 


Experiment 22: Photographic effect 


Purpose. To demonstrate the laws that if other factors remain constant, 
the intensity of an x-ray exposure, aS measured by its photographic effect, 
varies directly as the milliamperes through the tube and directly as the time 
of the exposure. 


Procedure. Mark off with a pencil six equal areas on an 8 x 10-inch film 
in a cardboard holder, three squares on each side of a line that divides the 
film lengthwise into equal parts. Beginning at the upper left corner and ex- 
tending downward, number the areas on the left half from 1 to 3 and those 
on the right half from 4 to 6. 

Use a small cone, 50 Kv.P., and a 30-inch anode-film distance and the 
milliampere-seconds given in the following table. 


Area 1 10 Ma 3 seconds 30 MaS. 
2 20 Ma 1'/, seconds 30 Ma.S 
3 30 Ma. 1 second 30 Ma.S 
4 20 Ma. '/, second 10 Ma.S 
5 20 Ma 1 second 20 Ma.S. 
6 20 Ma. 1'/, seconds 30 Ma.S. 


When the exposures have been completed, develop the film until the lightest 
area shows some blackening, disregarding the density of the other areas. 
Fix, wash, and dry the film. 


Discussion. The finished film will show areas 1 to 3 of nearly the same den- 
sity. Areas 4 to 6 will show a progressive increase in the density of the dif- 
ferent areas. In the areas 1 to 3 the milliamperes through the tube have been 
increased from 10 to 30, but the time has been correspondingly decreased. 
For each of these areas, a quantity of x-rays equal to 30 Ma.S. (milliampere 
seconds) has been used. For areas 4 to 6 the quantity of x-rays has been 
increased from 10 Ma.S. to 30 Ma.S. This graded increase in quantity should 
cause a definite and regular increase in the density of these areas. The 
density of area 5 shouid be twice that of area 4; that of area 6, three times 
that of 4. 

This experiment shows, therefore, that with voltage and distance con- 
stant, the photographic effect of x-ray exposures varies directly as the num- 
ber of milliampere seconds used. If the milliamperage is kept constant, it 
varies directly as the variations in the time of the exposure; if the time is 
kept constant, the photographic effect varies directly as the variations in 
milliamperage. Thus if an exposure is made with any milliamperage for a 
certain number of seconds, doubling the time will double the photographic 
effect; halving the time will reduce the effect to one-half. 
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Chapter 7. PRODUCING A RADIOGRAPH: 
TECHNICAL CONVERSIONS 


The production of a radiograph involves four so-called primary factors. 
Three of these, milliamperage, time (Ma.S.) and kilovoltage (Kv.P.) are usually 
considered the factors controlled by the x-ray machine. The fourth factor 
is the distance from the focal spot of the x-ray tube to the film (focus-film 
distance). 

The term milliampere-seconds (Ma.S.) is descriptive of the milliamperage 
or amount of current passing through the tube for a given period of time. The 
radiographic density of a film varies directly with the milliampere-seconds, 
provided the kilovoltage is sufficient to penetrate the part (see in Chapter 8, 
Figure 8.26). 

The kilovoltage, spoken of as kilovolts-peak or Kv.P., is the factor that 
controls penetration and contrast. 


EXPOSURE 


The word exposure has different radiographic meanings, depending upon 
the context. For example, ‘‘exposure’’ may be used to designate the radio- 
graphic conditions—kilovoltage, milliamperage, and time used for a certain 
technique. In somewhat different usage ““‘exposure”’ may indicate only the 
milliamperage and time (Ma.S.) or source strength and time. Again, ‘‘expo- 
sure’ is sometimes used to designate radiation exposure to the patient, in 
terms of roentgens. Exposure may refer to a measure, in absolute or relative 
units, of the amount of radiation reaching a certain area of the film. Exposure 
in the latter case means the amount of energy reaching a particular area of 
film and responsible for producing a particular density on the processed 
film. The word is thus used in the study of the sensitometric properties of 
x-ray films (see Appendix B). 


THE PRIMARY EXPOSURE FACTORS 


1. For any radiographic problem, the “correct exposure” will require a 
precise combination of the four primary factors: 
(a) Kilovoltage 
(b) Milliamperage 
(c) Exposure time 
(d) Focus-film distance 
Provided that no other factors in the radiographic problem are changed, the 
radiographic density may be altered to a predetermined degree by varying 
any one of the four primary factors. 
2. Since milliamperage is so much a function of tube capacity, it is quite 
impractical to use it as a variable. 
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3. Time can be used as a variable with excellent results except where 
motion is a factor. In all moving parts there is a certain optimum exposure 
time beyond which motion becomes objectionable. 

4. Kilovoltage affects both the quality and quantity of x-rays and hence can 
be used as a variable to compensate for differences in part thickness. This 
technique is practical only when the autotransformer design permits changes 
of 1 or 2 kilovolts to be made. 

5. Under average conditions, variations in part thickness will require com- 
pensations of 2 kilovolts per centimeter thickness (with variable kilovoltage 
technique; Chapter 10). 

6. Distance can be used as a variable, but is recommended only when con- 
trol limitations and motion make kilovoltage or time variations impractical. 
Distance changes cause Changes in image magnification with consequent 
variations in image detail. 

It is good technique to keep three factors constant and vary only the fourth 
to effect changes in radiographic density (Ma.S.). 


THE SECONDARY FACTORS 


Intensifying screens 


Until non-screen films were introduced, all x-ray film had an emulsion 
most sensitive to blue light, the color of the fluorescence of calcium tung- 
state intensifying screens. 

When intensifying screens are used, about 99 per cent of the total expo- 
sure is effected by ‘‘printing the visible image onto the x-ray film.’’ Only 
about 7 per cent of the total exposure is produced by the x-rays striking the 
film. 

When intensifying screens are used, the ‘‘scale of gradation” of the radio- 
graphic image is considerably shortened; hence the radiographic image 
has more contrast. 


Cones 


The amount of exposure compensation to be used for cones is governed 
by: 
1. The proportionate decrease in ‘‘volume of part” irradiated; this is gov- 
erned by: 

(a) Thickness of the part 
(b) The size of the cone 
(c) The focus-film distance 

2. The structure of the part 

3. The kilovoltage 

In general, when using a cone we have to add from 3 to 5 Kv.P. in order to 
compensate for loss in density due to the absorption of some of the primary 
radiation. By limiting the size of the x-ray beam by acone and/or acollimator, 
less tissue is irradiated and less secondary radiation is emitted from the part 
to fog the film. 


Grid or non-grid technique? 


With few exceptions, a stationary grid or a Bucky mechanism should be 
used for radiography of all anatomical parts exceeding 12 cm. in thickness. 
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Use of a grid in radiography of the heart and lungs, and parts such as the 
knee, shoulder, and cervical vertebrae, is a matter of choice. 

In pediatric radiography, certain body regions, even though they measure 
less than 12 cm. in thickness, such as the skull, abdomen, pelvis, and verte- 
bral column, set up a considerable amount of secondary radiation when 
struck by primary radiation. Effective control of the fogging effect can be 
accomplished only through use of a stationary grid or Bucky. 

When converting a non-grid technique to a grid technique, compensation 
must be made for the grid either by an increase in Kv.P. or Ma.S. It is prefera- 
ble to make required compensation for adding the grid to a procedure by 
adding 20 kilovolts. This method of compensating for the grid assures ade- 
quate penetration and does not result in a great difference in radiographic 
contrast between the non-grid and grid radiographs. Twenty kilovolts will 
provide adequate compensation for any modern grid. If, however, compensa- 
tion is made in Ma.S., then the required compensation is a function of grid 
ratio. When a grid is removed from a procedure, compensation in exposure 
must again be made. In this instance, however, do not reduce kilovoltages. 
Compensation is more properly made by reducing Ma.S. rather than Kv.P. 
Obviously the higher the grid ratio, the greater the absorption of primary 
and secondary radiation. It must also be remembered that grids of identical 
ratio will not necessarily absorb the same amount of radiation and that 
thicker parts and anatomical areas greatly affected by secondary radiation 
require a proportional increase in exposure factors. 


Beam restrictor 


Radiographic quality is visibly improved through the proper use of some 
beam-restricting device, provided the device accomplishes restriction of the 
primary beam at the film to an area no larger than the size of film being used. 

Since x-ray film is either square or rectangular in shape, any beam re- 
strictor which leaves a circular field of radiation large enough to cover an 
entire film contributes little if anything to minimize the effect of secondary- 
radiation fog. That is one reason for obsoleting the once familiar flare cone. 
An extension cylinder, used alone or in conjunction with an adjustable dia- 
phragm collimator, is a useful beam restrictor. If used properly it can be 
extended to confine a circular field of x-radiation inside the limits of even 
small-size films. 

Secondary radiation and fog increase with the amount and type of tissue 
struck by primary radiation, so by confining the field of primary radiation to 
only the useful area, secondary radiation emanating from tissue is reduced. 
Secondary-radiation fog affects visibility of image detail, radiographic con- 
trast, and density. It reduces contrast by a graying effect and as an unpre- 
dictable supplemental density added to proper density, it makes this latter 
film quality uncontrollable. 


Conversion factors: 
Extension cylinder collapsed—increase Ma.S. 40 per cent 
Extension cylinder extended—increase Ma.S. 60 per cent 


Field size (based on a 14 x 17 field): 
To convert to an 8 x 10 field—increase Ma.S. 60 per cent 
To convert to a 10 x 12 field—increase Ma.S. 40 per cent 
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MILLIAMPERAGE, TIME, DISTANCE, AND KILOVOLTAGE 


1. Milliamperage must necessarily depend upon the capacity of the x-ray 
unit (including the tube capacity) and the requirements of the focal-spot di- 
mensions. High milliamperage imposes the requirements of relatively large 
focal-spot dimensions, which detract from the sharpness of detail. 

2. Time of exposure should be reduced to a minimum to counteract the 
effects of motion. For all practical considerations, the time of exposure and 
the milliamperage are interchangeable. The greater the milliamperage, the 
less will be the time of exposure required and vice versa. 

3. Roughly, Kv.P. changes might be interpolated with respect to Ma.S. 
values as indicated in the two paragraphs below; however these should be 
used only for Kv.P. ranges from 60 Kv.P. to 80 Kv.P. Above 80 Kv.P. and below 
60 Kv.P. the charts on kilovoltage—Ma.S. conversions (Tables 7.1 and 7.2) 
should be used. 


To decrease kilovoltage by: 


10 Kv.P. requires twice the amount of Ma.S. 

13 Kv.P. requires three times the amount of Ma.S. 
15 Kv.P. requires four times the amount of Ma.S. 
20 Kv.P. requires five times the amount of Ma.S. 


To increase kilovoltage by: 


10 Kv.P. requires a reduction to one-half of the Ma.S. 
13 Kv.P. requires a reduction to one-third of the Ma.S. 
15 Kv.P. requires a reduction to one-fourth of the Ma.S. 
20 Kv.P. requires a reduction to one-fifth of the Ma.S. 


Figure 7.1. Radiograph of lateral skull made at 85 Figure 7.2. Radiograph of lateral skull made at 1 
Kv.P. and 15 Ma.S. Kv.P. and 10 Ma.S. 
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Kilovoltage — distance conversion 


When a variation from an established distance is found necessary, the 
following chart will prove of value. However, the use of the inverse square 
law will prove to be more accurate to maintain radiographic density and the 
contrast scale will remain about the same. The chart below should be used 
only when it is impossible to vary the Ma. and time values. 





Change in distance (inches) 








From To Change in Kv.P. (kilovolts) 
36 42 add 5 
36 48 add 9 
36 54 add 11 
36 60 add 13 
36 72 add 16 
36 30 subtract 6 
72 60 subtract 5 
72 48 subtract 11 
ie. 36 subtract 20 





RELATION OF Kv.P.-Ma.S. AND DENSITY 


Theory. Radiographic density varies greatly with the Kv.P. In medical radi- 
ography, there is no precise mathematical method for determining Kv.P.— 
Ma.S. density ratios. Such factors as the thickness and density of the body 
tissues to be examined, the characteristics of the x-ray apparatus, and 
whether the film is used with or without intensifying screens exert pertinent 
influences. Fairly close approximations between Kv.P. and other exposure 
factors have been of necessity established by empirical means—by trial 
and error. There are two procedures that may be followed in estimating the 
Kv.P. required for a given density change or for determining the approxi- 
mate change in Ma.S. required to compensate a density change in Kv.P. One 
is for screen exposures and the other for direct exposures. 

Tables 7.1 and 7.2 were developed empirically from radiographs of living 
subjects on screen-type film. By the use of Ma.S. multiplying factors, ap- 
proximate Ma.S. values may be obtained for changes in the Kv.P. range of 
50 to 100 in increments of five. Since the film response to x-ray exposure 
differs when screens are used and when direct exposure is employed, two 
tables of values are required. Table 7.1 is for screen exposures and Table 7.2 
for direct x-ray exposures. Some Ma.S. values derived from these tables 
may require the use of a time value that is not within the practical scope of 
the timer. It is then necessary to employ the nearest practical value. The 
resulting density difference is usually so small that it often is not recogniza- 
ble. In most instances the derived Ma.S. values are approximations and, if 
necessary, only slight alterations need be made for a given projection and 
body tissue. X-ray generators may differ in the manner in which their x-ray 
outputs vary with Kv.P. and owing to calibration differences. Tables cannot, 
therefore, be expected to apply accurately to a// generators but they can 
provide a close guide to an anticipated value. 
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Table 7.1 SCREEN EXPOSURES TABLE: TO FIND Ma.S. WHEN Kv.P. IS 
CHANGED 
Locate the original Kv.P. in the left-hand vertical column and the new wanted Kv.P. in the bottom 


horizontal row. The square where the corresponding row and column cross will show the multi- 
plying factor which will yield the new Ma.S. For screen exposures only 








Old 

Kv.P Ma.S. multiplying factor 
50 1 5 42 33 25 21 17 1d a 08 .06 
55 2 1 83 67 5 41 33 25 2 15 J 
60 2.4 1.2 ile 8 6 3 4 3 20 v2 ae 
65 3 1.5 1.25 ie 75 62 5 .38 34 3 .25 
70 4. 2 1.66 1.33 l; 83 66 S 45 33 3 
75 4.8 2.4 2.02 1.61 1.21 1 81 61 5 4 130 
80 6. 3: 2.5 2. 1E5 1.24 ft 15 6 i) 4 
85 Ti 3:5 3. 2.5 2. 1.65 1.33 1 9 ill 6 
90 8. 4.5 4 3 25 Zs 1.6 1.5 lk 9 AD 
95 12 6 5 4. 3 2.47 2 1.6 td le 9 
100 18. 8. 6 5: 4. 3: 2.5 1.8 1.6 1.4 ur 

New 

Kv.P. 50 55 60 65 70 75 80 85 90 95 100 


Example: Assume that 85 Kv.P. was used to radiograph a lateral skull. The Ma.S. was 15. It is de- 
sired to use 100 Kv.P. in order to lengthen the scale of contrast and stop motion (Figures 7.1 
and 7.2) 
Solution: Locate 85 Kv.P. in the left-hand vertical column and 100 Kv.P. in the horizontal bottom 
row. In the square where the corresponding row and column cross, we find the Ma.S. multiplying 
factor to be .6. Thus 
15 
x 6 
9.0 Ma.S.. the correct Ma.S at 100 Kv.P. 
The value 9 is not ordinarily available on modern x-ray control panels, and the nearest practical 
value should therefore be used. In this example, one would use 10 Ma.S. 


Table 7.2 DIRECT EXPOSURES TABLE: TO FIND Ma.S. WHEN Kv.P. IS 
CHANGED (REGULAR FILM) 
Locate the original Kv.P. in the left-hand vertical column and the new wanted Kv.P. in the bottom 


horizontal row. In the square where the corresponding row and column cross, find the multiplying 
factor which will yield the new Ma.S. For direct exposures only. 








Kv.P. Ma.S. multiplying factor 

50 le 69 5 39 3 .29 19 14 2 al .09 
55 1k4Saeel 3 56 43 34 27 21 18 aS aS 
60 2 E<3 {eee Hf 6 47 Eo, .29 25 eel 19 
65 ZG lie a le29 1 77 61 48 37 oe .27 24 
70 3330) 2229) SP le66 1.29 ill 79 62 48 42 730, 31 
75 Ay?) |e oom eal 1.63 1.26 1 oS) 6 52 44 39 
80 5.33 366 2.66 2.06 1.6 1.26 i 76 .66 56 5 

85 6.95 478 3.48 2.69 2 1.65 ES) ie 87 74 65 
90 8 55 4 Srl 2.4 1:9) 1) reals) 1 85 5 





86 


Producing a Radiograph 


Kilovoltage — Ma.S. conversion factors 


The charts in Table 7.3 can be used to increase the Ma.S. from two to ten 
times and/or decrease the Ma.S. from one-half to one-tenth. 


Table 7.3 Kv.P. DECREASE TO BE MADE WHEN Ma:S. IS INCREASED 








Initial Kv.P. 2x 3X 4x 5X 10X 
40 9 13 
45 11 15 
50 13 18 
55 15 21 
60 17 23 
65 19 25 
70 20 27 
75 22 29 
80 23 31 
85 24 33 
90 25 35 
95 27 37 

100 29 39 
105 31 41 
110 33 43 
115 35 45 
120 O7 47 


125 39 49 
130 41 51 





Table 7.4 Kv.P. INCREASE TO BE MADE WHEN Ma.S. IS DECREASED 


Initial Kv.P. Yo ts V4 "5 ho 








RELATION BETWEEN KILOVOLTAGE AND TIME 


It is often necessary to estimate the kilovoltage approximately for a given 
change in exposure time, or what approximate change in exposure time is 
necessary to compensate for a desired change in kilovoltage. While it is not 
possible to give an exact rule for all cases, the table below provides estimates 
of the corrections that should be applied to kilovoltage or exposure time 
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Figure 7.3. Radiograph made at 85 Kv.P. and 30 Ma.S. Figure 7.4. The skull of Figure 7.3, taken at 76 K 
and 60 Ma.S. Increasing the exposure time 100 per c 
demanded a 16 per cent decrease in Kv.P. Come 
Table 7.6. 


when either is changed. It must be kept in mind that an increase in kilovolt- 
age with the exposure adjusted to maintain the same density will produce 
lower contrast in the radiograph; and, conversely, a decrease in kilovoltage 
will produce higher contrast. 


Example: Suppose that with intensifying screens a kilovoltage of 80 and an exposure time of 4 
seconds have been employed, and it is desired to decrease the exposure time to 2 seconds. What 
kilovoltage would be required? 


According to the table, the decrease in exposure time is 50 per cent, which necessitates a 20 per 
cent increase in kilovoltage: 


20% of 80 Kv.P. = 16 Kv.P. 
80 Kv.P. + 16 Kv.P. = 96 Kv.P. 


Table 7.5 









Increase kilovoltage 
To decrease J 


exposure 
time 


Without 
screens 


With 
double screens 
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Table 7.6 







Decrease kilovoltage 





To increase 
exposure 
time 





With 
double screens 


Without 
screens 








Example: Suppose that with intensifying screens a kilovoltage of 80 and an exposure time of 4 
seconds have been employed, and it is desired to decrease the kilovoltage to 70. What exposure 
time would be required? 


The decrease in kilovoltage is about 13 per cent, which necessitates a 75 per cent increase in ex- 
posure time. 
75% of 4 sec. = 3 seconds 


4 sec.+ 3 sec.= 7 seconds 


Kilovoltage-time relation (15 per cent rule) 


To reduce the exposure (Ma.S.) to one half at any /evel of kilovoltage, add 
15 per cent more kilovoltage. 


Examples: We are employing a technique at 100 Ma.S. and 70 Kv.P. and we wish to reduce the 
time of exposure by one-half our original. 
70 
=li5 
350 
70 
10.50 
We would now add 10 or 11 Kv.P. and reduce the Ma.S. by one-half. 
We are employing a technique at 10 Ma.S. and 40 Kv.P. and wish to reduce the exposure time to 
5 Ma.S. 


40 Kv.P. 
x 15 


2.00 
4 0) — 


6.00 Kv.P. 
40 Kv.P 

+ 6 Kv.P. 
46 Kv.P. 


Our technique would now be 46 Kv.P. and 5 Ma.S. 
Using a technique of 10 Ma.S. and 60 Kv.P., we wish to reduce exposure time to 5 Ma.S 


60 Kv.P 
Se 

3 00 

60s 

9 00 KvP. 

60 Kv.P. 
ap SWAP 

69 Kv.P 


Our technique would now be 69 Kv.P. and 5 Ma.S. 
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Using a technique of 10 Ma.S. and 80 Kv.P., we again wish to reduce exposure time to 5 Ma.S.: 
80 Kv.P 
Kel 


400 
80 


12.00 Kv.P 


80 Kv.P. 
+ 12 Kv.P 


92 Kv.P 


Our technique would now be 92 Kv.P. and 5 Ma.S 


DISTANCE 


X-ray intensities can be altered by moving the tube from or toward the 
plane of the image. Fuchs suggests that a light bulb be used to demonstrate 
this fact. With no other illumination in the room, move a single light toward 
this printed page. You will find that the closer the light is to the page, the 
more brightly the page is illuminated. Exactly the same thing occurs with 
x-rays: as the distance from the object to the source of radiation is de- 


creased, the intensity at the object increases, and vice versa. 


Changes in milliamperage and changes in distance are very similar in 
their effects upon the intensity of the image. It is important to know that these 


changes in intensity affect the overall image. 


A 





Figure 7.5. The inverse square law. 
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When the x-ray tube output is held constant, the x-ray intensity reaching 
the subject is governed by the distance between the x-ray tube and the sub- 
ject, varying inversely with the square of this distance. Since x-rays conform 
to the laws of light, they diverge when they are emitted from the anode and 
cover an increasingly larger area with lessened intensity as they travel from 
their source. In Figure 7.5 this principle is illustrated. In this example it is 
assumed that the intensity of the x-rays emitted at the anode (A) remains 
constant, and that the x-rays passing through the aperture (B) cover an area 
of 4 square inches on reaching the recording surface C,, which is 12 inches 
(D) from (A). Then, when the recording surface C, is moved 12 inches farther 
from the anode to C,, so that the distance between A and C, is 24 inches 
(2D), or twice the distance between A and C,, the x-rays will cover 16 square 
inches—an area 4 times as great as that at C,. It follows, therefore, that the 
radiation per square inch on the surface at C, is only one quarter that at the 
level C,. Thus the exposure that would be adequate at C, must be increased 
4 times in order to produce at C, a radiograph of equal density. 


The inverse square law 


The inverse square law is one of the most important and most useful laws 
in standardized radiography, since factors that give a satisfactory radio- 
graph at one distance may be known, and if it is desired to increase or de- 
crease the distance, the voltage and milliamperage may be kept constant 
and the new milliampere seconds calculated by this formula. The inverse 
square law may be stated thus: 


D2 


Lone 
Where |, and |, are the intensities at distances D, and D, respectively. The 
inverse square law may be stated thus: 


The intensity of radiation varies inversely as the square of the distance. 


In Figure 7.5 this is demonstrated. The radiation that covers a given area 
at a distance D from the focal spot must disperse over an area four times as 
great at twice the distance, 2D (4 being the square of 2). This means that the 
intensity of the radiation at a point in the area at 2D is '/, that at D. To expand 
the example further, if a distance 3D were shown, representing a distance 
3 times the original distance, the area covered by the radiation would be 
9 times that of D (9 being the square of 3) and the intensity would be '/, of 
the intensity at D. 

The inverse square law can be used in establishing formulas for calculat- 
ing various exposure-distance relationships. For example, the Ma.S.—dis- 
tance formula of the next section can be set up because we know how the 
intensity of radiation will be affected if the distance between the tube and 
target is varied. In this case, the Ma.S. in use is to the new Ma:S. as the o/d 
distance squared is to the new distance squared. 


Ma.S.-DISTANCE RELATIONSHIP 


The inverse square law is the eventual basis for our formula relating Ma.S. 
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Figure 7.6. Radiograph of the chest at 72-inch focus- Figure 7.7. The same chest as in Figure 7.6, but tal 
film distance at a 36-inch focus-film distance. 


to the distance between the focus of radiation and the film; but the way that 
the law applies is not quite direct. 

By the inverse square law, two features mark the relation between distance 
and amount of light. First, the greater the distance between focus and film, 
the /ess the radiation that reaches the film. This is the inverse part. But be- 
sides that, the amount of light, as the source moves away, reduces in pro- 
portion to the square of the distance, and not directly with the distance. This 
is the square part: 


flo ee ee 


In our formulation of Ma.S. and distance, we need the square part but we do 
not need the inverse part of this formula. That is, though the greater the dis- 
tance, the less the radiation reaching the film, by the same reasoning, the 
greater the distance, the more Ma.S. we need to compensate for the reduced 
light; and the shorter the distance between source and film, the /ess the 
Ma.S. is that we need to achieve the same exposure. Thus we are back with 
a direct relationship: 


Ma.S.,:Ma.S.,::D?:D? 


If factors that give a satisfactory radiograph at one distance are known and 
we desire to increase or decrease the distance between focus and film, we 
can keep the same voltage (the same contrast) and calculate a new Ma.S. by 
using the formula just shown. First, we convert the proportion into an equa- 
tion (see Chapter 5) by multiplying means and extremes. The product of the 
means equals the product of the extremes: 


Ma.S.,:Ma.S.,::D?:D? 
i.e., Ma.S., x d? =Ma.S., x D? 
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Example: A technique calls for 80 Kv.P. at a 72-inch focus-film distance and it is desired to de- 
crease the distance to 36 inches. The old technique calls for 10 Ma.S. What would the new Ma.S. 
be at 36 inches? 


Ma.S.,:Ma.S.,::d/:d." 
10:x::727:36" 
5184x = 12960 
x=2.5 
We then would use 2.5 Ma.S., 80 Kv.P. at a 36-inch focus-film distance. 


Figure 7.6 shows a chest radiograph made at 72 inches. Using the above 
formula, the same subject was then radiographed at a 36-inch focus-film 
distance: the results are shown in Figure 7.7. 


Ma.S.-distance formula (short method). Divide the original distance into 
the new distance. Square this answer. Multiply the squared answer by the 
Original Ma.S. This will give the new Ma.S. to be used at the new distance. 


Example: 


Old distance 72 inches 
Old Ma.S. 10 
New distance 36 inches 


5 
72/36.0 o 10 
36.0 2D) .25 


25 2.50 
2.5 Ma.S. will be the new Ma.S. to be used at 36 inches. 
Example: 


Old distance 36 inches 
Old Ma.S. 10 
New distance 72 inches 


2.0 
36/72 
ii2. 


10 
a 
40 
40 Ma.S. will be the new Ma:S. to be used at 72 inches. 


&i/M MO 


THE RECIPROCITY LAW 


Oftentimes in doing very exact radiography or experimental work, one will 
have the feeling that the inverse square law is invalid, but a very important 
concept advanced by Bunsen and Roscoe in 1875 states that the reaction 
of the photographic emulsion to light is equal to the product of the intensity 
of the light and the duration of exposure. This is known as the reciprocity 
law. The phenomenon occurs in radiography only when intensifying screens 
are used, because exposure of the film under these circumstances is chiefly 
caused by the fluorescent light emitted by the screens and very little by 
x-rays. Failure of this law may be observed when the radiographic density 
produced by short exposure with a large quantity of fluorescent light is 
greater than is that produced by a long exposure and a small amount of 
fluorescent light, even though the quantity of radiation exposing the films 
(measured by Ma.S.) is the same in both cases. In general radiography, it is 
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not necessary to be concerned about this effect. Today it is seldom encoun- 
tered, because it has been largely compensated by the characteristics of 
x-ray film emulsions. Therefore, the Ma.S. value may be considered reliable 
for use as an exposure factor in general medical radiography; for example, 
approximately the same radiographic density will be obtained whether we 
use 100 Ma for '/,, second or 200 Ma for '/,, second; either combination will 
give us 10 Ma.S. 

The milliampere-seconds factor, indicated by the symbol Ma.S., directly 
influences radiographic density with all other factors constant. It is the 
product of the milliamperage (Ma.) and the duration of the exposure time in 
seconds (s.). Either factor, Ma. or s., may be changed at will to perform the 
required radiographic exposures as long as the product—Ma.S.—remains 
the same. 

In standardized radiography, machine calibration becomes a very valuable 
factor, since it becomes imperative that no matter what Ma. and time incre- 
ment value we are using, as long as the product, Ma.S., remains the same, 
the density level should remain the same. This factor holds true on all direct 
x-ray exposures. As we have seen, intensifying screen exposures may show 
some loss in radiographic density when they are exceedingly long because 
of failure of the reciprocity law. In general radiography, the Ma. factor is 
seldom changed for a given exposure and may usually be considered a 
constant. The time of exposure however, can be readily changed and should 
constitute the available factor in the Ma.S. 

It is highly recommended that the student become adept at computing 
Ma.S. values. For example, an extremity technique at 10 Ma. for '/, second 
equals 5 Ma.S., however, if a patient has had trauma and cannot hold the 
extremity still, it would be far better to use 100 Ma. and '/,, second, which 
would equal 5 Ma.S. and the radiograph would be devoid of motion. This 
certainly would be a more skillful and scientific approach to good radiog- 
raphy. 

It requires at least a 30 per cent increase in Ma.S. to produce a significant 
increase or decrease in density. To produce a diagnostically acceptable 
radiograph which requires either an increase or decrease in density, the 
30 per cent figure can be employed to affect density changes in a scientific, 


mathematical manner. 

Example: Assuming we had an exposure of 15 Ma.S. at 80 Kv.P., and the radiograph was slightly 
underexposed, we would multiply 15 by 130 per cent and we now would use 19.5 Ma.S. (or 20 Ma.S.) 
to correct this condition. When the Kv.P. and processing are constant, serious underexposure or 
overexposure should be corrected by either doubling or halving the initial Ma.S. value to change 
density. 


DECIMAL EQUIVALENTS OF FRACTIONAL EXPOSURES 

In computing milliampere-seconds values, it is often more convenient to 
use the decimal equivalent of the exposure time fraction. Table 7.7 below 
lists decimal equivalents of various exposure fractions. The numerators of 
fractions are listed horizontally at the top of the table; the denominators are 
listed vertically. The square in which the column and row cross contains 


the decimal equivalents. 
Example: To determine the decimal equivalent of the fraction */,, find the number 3 in the hori- 
zontal row at the top of the table. Then find 5 in the left-hand vertical column; the square in which 
row and column cross will show .6. The milliamperage may be multiplied by this decimal to obtain 
the milliampere-seconds value. 

If we were using 100 Ma. for */, second, we would now have 100 x .6, or 60 Ma.S. 
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Figure 7.8. A skull radiograph with normal expos 


Figure 7.9. The skull of Figure 7.8, but with a 
crease of 30 per cent in the Ma.S 


Figure 7.10. The skull of Figure 7.8, but with an 
crease of 30 per cent in the Ma.S. 
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igure 7.11. Lateral skull, taken with normal expo- 
ure, 


igure 7.12. The skull of Figure 7.11, but with an 
crease of 30 per cent in the Ma.S 





gure 7.13. The skull of Figure 7.11, but with a de- 
ease of 30 per cent in the Ma. S 
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THE PHOTOGRAPHIC EFFECT 


If other factors remain constant, the intensity of an x-ray exposure, as 
measured by its photographic effect, varies directly as the milliamperage 
through the tube and directly as the time of exposure. If the voltage and dis- 
tance are kept constant, the photographic effect of x-ray exposures varies 
directly as the number of milliampere-seconds used. If the milliamperage is 
kept constant, the photographic effect varies directly as the variations in the 
time of the exposure; if the time is kept constant, the photographic effect 
varies directly as the variations in millliamperage. Thus, if an exposure is 
made with any milliamperage for a certain number of seconds, doubling the 
time will double the photographic effect; halving the time will reduce the 
effect to one-half. 

Photographic effect is directly proportional to the milliamperage (Ma.). 
P.E. = Ma. Photographic effect is directly proportional to the time of expo- 
sure. P.E. «= T. Photographic effect is approximately proportional to the 
kilovoltage squared. P.E. © Kv.P.?. 

Photographic effect is inversely proportional to the square of the focus- 
film distance; therefore, with the other exposure factors constant, the in- 
tensity of x-ray exposures varies inversely as the square of the focus-film 
distance. 

The relationship of all factors in photographic effect may be expressed in 
a single equation: 

P.E. = Met PY when T is in seconds and D in inches. 

Suppose the following factors produce a good radiograph: Ma., 30; time, 
1 second; Kv.P., 60; distance, 30 inches. Then we would have, according to 
the above formula, 


30 x 1x 602 30x1x 3600 1080 
302 - 900 — 9 





P.E. = 


P.E.= 120 


Suppose it is necessary to change the technique to the following factors: 
Ma., 10; time, ?; Kv.P., 60; distance, 30 inches. We substitute in the equation: 





110) >< 1X OY 
——_—— = 120 
30? 
and discover the value of T: 
10 x T x 3600 
-=SO0OME > 120 
36000 T 
Sgn = 120 
AOip—ai20) 


T = 3 seconds, 


the new time of exposure. 
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RELATION BETWEEN TIME AND DISTANCE 


Rule. The exposure time (T) required for a given exposure is directly pro- 
portional to the square of the focus-film distance (D). 
Example: Suppose that an exposure time of 10 seconds (T,) and a focus-film distance of 30 inches 


have been employed, and it is desired to decrease the focus-film distance to 24 inches (D.); what 
exposure time (T.) would be required? 


idlcaiD i Ds- Example of this problem would apply to radiography of the tem- 
aera poromandibular articulation, where use of close focus-film distance 
10:x: :30°:24° 5 
is desired 
900x = 5760 


x = 6.4 seconds 


Example: Suppose that an exposure time of 2 seconds (T,) and a focus-film distance of 72 inches 
(D,) have been employed, and it is desired to decrease the exposure time to '/, second (T.); what 
distance (D.) would be required? 


Ty:Te: :D?:D2 
2:,: :722:x? 
2x? = 1296 


x = 25.5 inches 


RELATION BETWEEN MILLIAMPERAGE, TIME, AND DISTANCE 


Rule. Since the milliamperage (M) and the time (T) required for a given 
exposure are both directly proportional to the square of the focus-film 
distance (D), the product of the two, milliampere seconds (Ma.S.) or (MT), 
is also directly proportional to the square of the focus-film distance (D). 
Example: Suppose that 60 Ma.S. (MT,) and a focus-film distance of 36 inches (D,) have been em- 


ployed, and it is desired to increase the focus-film distance to 72 inches (D.); what milliampere- 
second factor (MT.) would be required? 


MT, :MT,: :D,2:D.2 
60:x: :362:722 
1296x = 311040 


x = 240 milliampere seconds 


An easy method for calculating the change in milliampere seconds (Ma.S.) 
is based on the principle that the squares of numbers bear constant mathe- 
matical relation to each other. In the above example, the square of the num- 
ber representing the longer focus-film distance 72? (5184), is 4 times the 
square of the number representing the shorter anode-film distance, 36? 
(1296). Therefore, if the number representing the proper Ma.S. factor at the 
36-inch focus-film distance, 60, is multiplied by 4, the proper milliamperage 
time for the 72-inch distance will be found to be 240 Ma.S. Conversely, 
36” (1296) is one-fourth (.25) of 72? (5184): so, if the number representing 
the proper Ma.S. factor at 72 inches, 240, is multiplied by .25, the proper 
milliamperage time for the 36-inch distance will be found to be 60 Ma:S. 

The interrelation of all focus-film distances may be similarly expressed 
by means of a conversion factor. Any change in milliamperage seconds 
necessitated because of a change in the focus-film distance may then be 
calculated by multiplying by the proper factor, the initial milliamperage- 
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seconds value. Table 7.11 below lists the factors that apply for focus-film 
distances commonly employed in radiography. 


RELATION BETWEEN MILLIAMPERAGE AND DISTANCE 
Rule. The milliamperage (M) required for a given exposure is directly 
proportional to the square of the focus-film distance (D). 


Example: Suppose that 50 Ma. (M,) and a focus-film distance of 36 inches (D,) have been em- 
ployed and it is desired to increase the distance to 72 inches (D.) in order to obtain sharper detail; 
what Ma. would be required? 


M,:M.: :D,?:D.° 
SOEXGRGOniiae 
1296x = 259,200 


x = 200 milliamperes 


RELATION BETWEEN MILLIAMPERAGE AND TIME 


Rule. The milliamperage (M) required for a given exposure is inversely 
proportional to the time (T). When radiographing children and nervous 
patients, it is often necessary to employ high Ma. in order to obtain the 
advantages of very short exposure. 

Example: Suppose that 30 milliamperes (M,) and an exposure time of '/, second (T,) have been 


employed, and it is desired to decrease the exposure time to '/,, second (T,); what milliamperage 
would be required? 


x 15 

Moe alent — = — 

1 2 2 1 20 1 
3OE X= Yoq234 x= 15 x 20 
Yoo X = 15 x = 300 Ma. 


Example: Suppose that 30 Ma. (M,) and an exposure time of 2 seconds (T,) have been employed, 
and it is desired to increase the milliamperage to 60 (M.); what exposure time (T,) would be re- 
quired? 


M,: M2: :T2T, 
30:60: :x:2 
60x = 60 


x = one second 


MAINTAINING FOCUS-FILM DISTANCE AFTER TUBE IS ANGLED 


Table 7.8 determines accurately where to place a tilted x-ray tube so that 
when the central ray is correct with the regional landmark, the anatomical 
region will be projected in the center of the film and the desired or original 
focus-film distance will be maintained. 

If an x-ray tube is angled other than 90° and the tube is left in its original 
position, the resultant radiograph will be underexposed. 
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jure 7.14. Anteroposterior view of the petrous Figure 7.15. A corrected view of the petrous bone of 
ne. Figure 7.14, according to the Example of Table 7.8 


Table 7.8 DATA FOR TUBE ANGLES USED IN RADIOGRAPHY 










2.8 | 35.8 
6:2 eso 5ealelOs 6.9 39.4 
29 :25)aleiloy EHO) |) SEO) |) alee 9.0 39.0 
29.0 Se SPST G4- Gin |miliome |ealO-4: 38.6 
28.6 7 10.3 34.4 Wh 11.6 38.2 
28.2 20° | 126 | 33:8 || 20° | 13:75 | 37.6 
—+— + =e —~- 
27.6 235 14.0 33.0 23% 15.6 36.8 
ne. Zou ora an Ge On| 2one|enl|Os 36.0 
26.0 SOt se: OM | aile2aliesOz | 20!0 34.6 
24.6 S5n E206 |e295aliesos 1123.0 32.8 
23.0 AMO |) PRA |) 7/3 || ZOP || Rare |) clos) 
21.25 45° 25.4 25.4 45° 28.25 28.25 
mi) | J 

Z=Focus-film distance A=Tube angle x=Tube shift y =New vertical distance 
Courtesy: Ralph Tarrant, R. T. 
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Example: A. P. view of the petrous bone, at a 36-inch focus-film distance; the tube has to be 
tilted 35 degrees. What distance should you use at the 35-degree tilt? According to the chart on 
the 36-inch distance column we have: 

Z—36-inch distance 

A—35-degree tilt 

X—tube shift to have central ray to center of film 

Y —new vertical distance, which will be 29.5 inches 


See Figures 7.14 and 7.15. 
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Table 7.9 


IMPULSE-TIME-MILLIAMPERE-SECONDS 





Impulses 


ONDA FWD 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 





Time 
(seconds) 


/ 
40 
/ 


1 
40 


“Ns 


Sa 


Milliamperes 
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16 
25 
33 
41 
5 
58 
66 
7S 
83 
91 
He 
1.08 
1.16 
1.25 
1.33 
1.41 
1.5 
1.58 
1.66 
75 
1.83 
1.91 
2. 
2.08 
2.16 
2.25 
2.33 
5 s 





Milliampere seconds 





25 
37 
5 
62 
15 
87 
1 
1.12 
1.25 
1.37 
1s 
1.62 
1.75 
1.87 
2 
2ale 
2.25 
2.37 
2.5 
2.62 
2.75 
2.87 
3. 
3.12 
3.25 
3.37 
3.5 
3.62 
3.75 





33 
9 
66 
83 
1 
1.16 
1.33 
1.5 
1.66 
1.83 
ee 
2.16 
2.33 
29 
2.66 
2.83 
3. 
3.16 
3.33 
3.5 
3.66 
3.83 
4. 
4.16 
4.33 
4.5 
4.66 
x 83 





41 

62 

83 
1.04 
1.25 
1.56 
1.66 
1.87 
2.08 
Pei 
DES 
TAG 
2.91 
3.12 
3.33 
3.54 
3.75 
3.95 
4.16 
4.37 
4.58 
4.79 
5. 
5.20 
5.41 
5.62 
5.83 
6.04 
6.25 





3 

75 
1 
1.25 
eo 
Mero 
2 
2.25 
2.5 
2.75 
3. 
3:25 
3.5 
3.75 
4. 
4.25 
4.5 
4.75 
5. 
5:25 
5.5 
5.75 
6. 
6.25 
6.5 
6.75 
Ife 
if a 


83 
1.25 
1.66 
2.08 
2.5 
2.91 
3.33 
3.75 
4.16 
4.58 
5 
5.41 
5.83 
6.25 
6.66 
7.08 
7.9 
UE 
8.33 
8.75 
9.16 
9.58 

10. 
10.41 
10.83 
11.25 
11.66 
12.08 
12.5 





7.5 
8.33 
9.16 
10. 
10.83 
11.66 
12.5 
13.33 
14.16 
15; 
15.83 
16.66 
17.5 
18.33 
19.16 
20. 
20.83 
21.66 
22.5 
23.33 
a 16 





2:9 
3.75 
oD: 
6.25 
Teo 
8.75 
10 
11.25 
1255 
13.75 
15). 
16.25 
75 
18.75 
20. 
12.25 
22.5 
23.75 
25. 
26.25 
27.5 
28.75 
30. 
33.26 
32.5 
33.75 
35. 
36.25 
37.5 


3.33 
5. 
6.66 
8.33 
10. 
11.66 
13.33 
1S: 
16.66 
18.33 
20. 
21.66 
23.33 
20% 
26.66 
28.33 
30. 
31.66 
33.33 
35. 
36.66 
38.33 
40. 
41.66 
43.33 
45. 
46.66 
ef 33 


5. 

PS 
10.5 
12:5 
15. 
W785 
20. 
22.5 
25. 
27.5 
30. 
32.5 
35. 
37.5 
40. 
42.5 
45. 
47.5 
50. 
52.2 
55; 
57.5 
60. 
62.5 
65. 
67.5 
70. 
72:5 
TAS). 


6.66 
10. 
13:33 
16.66 
20. 
23.33 
26.66 
30. 
33.33 
36.66 
40. 
43.33 
46.66 
50. 
53.33 
56.66 
60. 
63.33 
66.66 
70. 
73.33 
76.66 
80. 
83.33 
86.66 
90. 
93.33 
96.66 

100. 


8.33 
12.5 
16.66 
20.83 
25. 
29.16 
33.33 
37.5 
41.66 
45.83 
50. 
54.16 
58.33 
62.5 
66.66 
70.83 
75. 
79.16 
83.33 
87.5 
91.66 
95.83 

100. 
104.16 
108.33 
112.5 
116.66 
120.83 
125. 
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CORRECTION FACTORS FOR CHANGE IN FOCUS-FILM DISTANCE 


Table 7.11 lists the factors that apply for focus-film (anode-film) distances 
commonly employed in radiography. The initial focus-film distance is lo- 
cated in the left-hand vertical column and the desired distance is located in 
the horizontal column at the bottom of the chart. The required Ma.S. con- 
version factor will be found in the entry common to both columns. 


Table 7.11 CORRECTION FACTORS FOR FOCUS-FILM DISTANCE 













Ma.S. conversion 
factors 


Initial 
focus-film 
distance 





Desired 
focus-film 
distance 


72 in. 






Example: We are employing a technique at a 30-inch distance, and it is desired to decrease the 
distortion by going to 48 inches. What would we multiply our original Ma.S. by? Find 30-inch 
distance in the left-hand vertical column and 48-inch distance in the horizontal column at the 
bottom of the chart. The required conversion factor will be 2.56. If we were using 10 Ma.S. at 30 
inches, we would multiply 10 by 2.56 to arrive at the correct Ma.S. at 48 inches. The correct Ma.S. 
would be 25.60 or 26 Ma.S. In this case we would no doubt use 25 Ma.S. 


See Figures 7.6 and 7.7, radiographs of the chest at 72 and 36 inches. 


CAST RADIOGRAPHY 


When using optimum kilovoltage techniques, measure the part and add 
10 Kv.P. or 2 x Ma.S. 

For lower voltage techniques, measure the part and add 10 Kv.P. for a 
dry cast and 15 Kv.P. for a wet cast. It is better to alter Kv.P. than Ma.S. 
If, however, one prefers to use Ma.S., the correction factor would be to 
double the Ma.S. for a dry cast and triple the Ma.S. for a wet cast. 


ADAPTING EXPOSURE TECHNIQUE FROM ONE HOSPITAL TO ANOTHER 


From any given technique chart one may adapt the exposure factors to 
apply to any other machine. 


Procedure. Choose a part from any group of parts of similar density. Make 
three exposures and divide the Ma.S. from the chart being adapted into 
the Ma.S. producing the most desired density with the new chart. The result 
obtained serves as the correction factor for all parts of similar density. 


Example: A technique from Hospital A for the AP. skull calls for 85 Kv.P., 20 Ma.S., 36-inch focus- 
film distance, medium screens, 8-to-1 grid. It is desired to adapt this technique to Hospital B. 
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ire 7.16. Radiograph of the knee in a cast, witha 
of 10 Kv.P. 





At Hospital B we make three exposures of the skull, employing all factors as used at Hospital A, 
except the milliampere-seconds. Use the following three exposures 


1. Below the original Ma.S 
2. Equal to the original Ma.S 
3. Above the original Ma.S 


We would use 15, 20, 25 Ma.S. Process all three films at the same time. We now find that the film 
exposed at 25 Ma.S. produces the desired density, thus: 


1.25 
20 | 25.0 
20 
50 
40 
10/20 


We would now multiply all Ma.S. values in the S.G. (screen-grid) group by 1.25. All other factors 
remain constant. 


Conversion factors for children when using variable voltage 
Birth to 1 year—use 30% of Ma.S. 
2 to 5 years—use 60% of Ma.S. 
6 to 9 years—use 70% of Ma.S. 
10 to 12 years—use 90% of Ma.S. 


Conversion factors for children when using fixed voltage 


Birth to 5 years—use 25% of Ma.S. 
6 to 12 years—use 50% of Ma.S. 
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Chapter 8. ESSENTIALS OF THE RADIOGRAPH 
AND IMAGE FORMATION 


Every radiologic technologist should have a satisfactory working knowl- 
edge of density, contrast, detail and distortion. He should be able to under- 
stand and define the meaning of each; to differentiate each from the other in 
the finished radiograph; to understand and control each of the various sub- 
factors that enter into the control of each of the main factors; to be able to 
arrange the four main factors and their subfactors so that any desired results 
may be obtained. With this knowledge, one may produce any type of radio- 
graph desired. 

If we study a good radiograph we know at once that it includes a combina- 
tion of the above factors. Everyone agrees that there should be a minimum 
of distortion, a maximum of detail, and sufficient contrast to make detail 
more plainly visible. There is a difference of opinion as to what degree of 
density may be most desirable. There are conditions in which distortion 
plays an important part and other conditions in which distortion, within 
reason, is of little importance. 

Radiographically speaking, let us simulate the conditions shown in Figure 
8.1. In the radiograph of Figure 8.2 we will use a simulated condition of 10 
Ma.S. and 35 Kv.P. In the radiograph of Figure 8.3 we will increase the 


Figure 8.1. The penetrating power of x-rays. Scheme A shows x-rays of long wave length 
being absorbed by the object. In B, x-rays of short wave length penetrate the object and 
expose the film (remnant radiation). In C, increasing the number of x-rays by the Ma.S. 
factor increases the number reaching the film, and more silver in the film is exposed than 
inB 


A B C 







LONG SHORT 
WAVE LENGTH WAVE LENGTH——— 
X-RAYS X-RAYS 











PENETRATION 
OF X-RAYS 


\/_ ABSORPTION 
7 \+— OF X-RAYS 


RADIOGRAPHIC DENSITIES 
—— 


EMULSION Ny car er (—>] 
FILM BASE 
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e 8.2. Radiograph of the hand: 35 Kv.P. and 10 Figure 8.3. Like Figure 8.2: 50 Kv.P. and 10 Ma.S 


Figure 8.4. Like Figure 8.2: 50 Kv.P. and 50 Ma S. 
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ka 





Figure 8.5. 30 Kv.P. and 15 MaS Figure 8.6. 30 Kv.P. and 30 MaS. 


Figure 8.7. 30 Kv.P. and 60 Ma.S 


Figure 8.8. 30 Kv.P. and 240 Mas. 
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re 8.9. 30 Kv.P. and 480 Ma.S Figure 8.10. 30 Kv P. and 960 MaS 


re 8.11. 50 Kv.P. and 40 Ma.S. Note the effect of 
2asing the Kv.P. for adequate penetration, as 
nst increasing Ma.S 
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Figure 8.12. 50 Kv.P. and 50 Ma S Figure 8.13. 50 Kv.P. and 100 Ma.S 


kilovoltage to 50 Kv.P. and 10 Ma.S., and in Figure 8.4 we will use a kilo- 
voltage of 50 Kv.P. and 50 Ma.S. 

In another experiment, let us radiograph the hand using the factors shown 
in Figures 8.5 to 8.11. This experiment proves that no practical amount of 
Ma.S. will ever compensate for inadequate kilovoltage or penetration. 

The same experiment done with a skull is shown in Figures 8.12 to 8.16. 


DENSITY 


Density, which is due to the accumulation of black metallic silver, is the 
general blackening of the radiograph that appears after exposure by radia- 
tion and subsequent processing. Variations in density may exist in a series 
of radiographs and all of them be of good quality. Correct density is a matter 
of personal choice; however, all densities of the radiograph should transmit 
some visible light. 

Density is a measure of the quantity of radiation absorbed by the film. The 
quantity is made up of primary, remnant, and secondary radiation. 

Density is affected by a number of things. Among them are thickness of 
part, tissue opacity, pathology, respiration, distance, secondary radiation 
fog, old film, screen type or non-screen film, chemicals, cone, stereo shift, 
Kv.P., filters, compression binders, white light, or any form of radiation, 
automatic or manual processing, type of grid, and efficiency of equipment. 

We can say, in general terms, that density refers to the lighter or darker 
appearance of the film. Either Ma., time, Kv.P., or distance may be used to 
control density. The distance factor is rarely used because it introduces 
the element of distortion. The Ma.S. (Ma. times the time) controls density 
provided we have sufficient penetration (Kv.P.). The Kv.P. factor may also 
be used to alter density. Increasing the developing time can alter density, 
but is not recommended. The temperature of the developing solution affects 
density, but is not considered a practical means of control. Focal-spot 
damage affects density as well as contrast (Figure 8.17). 
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e 8.14. 50 Kv.P. and 125 Ma.S Figure 8.15. 50 Kv.P. and 150 Ma.S 





Figure 8.16. 85 Kv.P. and 15 Ma‘S. Note the effect of 
higher Kv.P., as in Figure 8.11 


Primary radiation 


The amount of primary radiation is regulated by the quantity of current 
in milliamperes (Ma.) flowing through the tube for a definite length of time 
in seconds (s.), usually referred to as Ma.S. 


Remnant radiation 


Remnant radiation is that radiation which emerges from the part being 
radiographed to expose the film. 


Secondary radiation fog 


When a primary beam of x-rays traverses an object, some of the x-rays are 
absorbed while others pass directly through it; a considerable percentage, 
however, is scattered in all directions by the atoms of the material struck 
(Figure 8.18) very much as light is dispersed by a mist. These scattered rays 
constitute what is known as secondary radiation and are radiographically 
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PRIMARY RAY 
UNATTENUATED 


——— ee ] TUNGSTEN MELT \ 


OBJECT 


if 
\ 
a“ 
}] >: 
/ | 
/ 
LEAD SHIELO SECONDARY ia PRIMARY RAY 
IN TUBE CASING SATAN ATTENUATED 
aT 
| 


Figure 8.17. The effect of damage to the focal spot Figure 8.18. How primary radiation cal 
The enlarged source of light and other changes affect secondary radiation. The secondary radia 
density and contrast is set up in a spherical shape. It is charact 


tic of the material in which it arises and jj 
longer wave length than the primary radiat 
The higher the Kv.P., the more the secon 
radiation generated. 


non-effective as far as good radiography is concerned, but are effective as 
far as poor radiography is concerned. Secondary radiation strikes the film 
from all directions and produces a fairly uniform deposit of silver (black 
metallic silver) over the entire image. This veil or haziness of silver overlies 
the image density produced by the remnant radiation and is, in reality, a 
supplement density known as secondary radiation fog. When fog is present, 
the effect is as if image details were being viewed through a mist or a cloud. 
It is like trying to view the ground when flying in an airplane while the visi- 
bility of the ground is reduced by thin clouds. Therefore, the quality of the 
radiographic image is degraded. Secondary radiation fog is characterized 
by a dull gray appearance of the images and the absence of details within 
the radiographic image. Examples of secondary radiation fog are shown in 
Figures 8.19 and 8.21. Other examples of the secondary radiation fog are 
shown in Figures 8.38, 8.45A, and 8.55. 

In order to understand more fully and graphically the effect of secondary 
radiation and its influence on the image, we may produce it radiographically 
with the aid of a coin and paraffin—a material that generates large quantities 
of secondary radiation and simulates body tissue. 

Three principal conditions under which secondary radiation fog may be 
produced on the radiographic film are illustrated in Figures 8.19A-C. 

When a coin is placed on a film, an x-ray exposure will produce a radio- 
graph in which the image of the coin is relatively free of fog (Figure 8.19A). 
The secondary radiation generated could not undercut the coin enough to 
fog its image. 

When the paraffin block is placed on the film and the coin mounted on its 
top, the radiograph will show the image of the coin to be fogged by the 
secondary radiation that undercuts the object. This radiographic example 
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re 8.19. Radiographs of a coin. In A, of the coin alone, the radiograph is relatively free of fog. In B, the coin 
own undercut by secondary radiation from the paraffin block on which it is resting. In C, both coin and block 

been put at a greater distance from the source of radiation, and secondary radiation is accordingly de- 
sed. 


demonstrates that images of objects in or on an emitter, located at a distance 
from the film, will be fogged when the emitter is adjacent to the film (Figure 
8.19B). 

When the emitter (paraffin block) together with the coin on its top is moved 
away from the film (as for Figure 8.19C) the degree of fog in the image will 
be Jess than that shown in B, since the secondary radiation reaching the film 
has been diminished by reason of its greater distance from its source. There- 
fore, by increasing the distance between the emitter/coin combination and 
the film, the intensity of the secondary radiation reaching the film diminishes. 
This is true because secondary radiation follows the same laws as primary 
radiation and the inverse square law. 

The quantity of secondary radiation emitted by the body thickness depends 
upon the tissue thickness and its density as well as the ki/ovoltage employed. 
The larger or denser the part, the greater the secondary radiation, and vice 


e 8.20. Radiograph taken with both cone and Figure 8.21. Radiograph taken with cone but without 
grid. Note the fog and the flat-gray film. 
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Figure 8.22. Satisfactory contrast in a photograph 


Figure 8.24. Sufficient detail in a photograph 
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Figure 8.23. Both insufficient and excessive contra 
mark this photograph. There is not enough contrast 
distinguish details, yet overall the picture is ‘‘contrast 
or ‘high-contrast,’ typical of short-scale films ai 
processing 

Figure 8.25. Though the face in this photograp 
shows good detail note how the detail in jacket a 


tie have disappeared for lack of contrast. 
Call 
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Figure 8.26. Radiograph of lateral skull for which the 


penetrating power (Kv.P.) has been insufficient 


versa. Bone emits a relatively small amount of secondary radiation, whereas 
muscle emits large quantities of it and may produce much secondary radia- 
tion fog. 

The problem of secondary radiation fog increases in proportion to the 
thickness of the part. Accordingly, the author recommends that the Potter- 
Bucky diaphragm or grid be used on all parts that are not air-containing 
which measure 12 cm. or more. 

The secondary radiation fog can be eliminated to a great extent by the use 
of the smallest cone possible for the part being radiographed, the use of 
grids and/or the Potter-Bucky diaphragm, compression binders, small- 
sized film for the area being radiographed, and careful selection of a balance 
between Kv.P. and Ma.S. 

When we control secondary radiation fog, contrast is improved, and so 
detail of the radiographic image is improved (Figures 8.20 and 8.21). 


CONTRAST 


Radiographic contrast is defined as the percentage of difference between 
the extreme blacks and whites in the radiograph. As contrast is decreased, 
the percentage of difference between various densities on the film is re- 
duced. (This does not refer to the background in relation to the anatomical 
part.) 

Opinions as to the amount of contrast desired do not seem to vary as much 
as those concerning radiographic density, yet a considerable range of 
opinion does exist. For instance, from a photographic standpoint, Figure 
8.22 shows sufficient contrast, while Figure 8.23 shows insufficient contrast 
in the facial features. Again, Figures 8.24 and 8.25 show what effect clothes 
have on contrast. In Figure 8.24 we have sufficient contrast, while in Figure 
8.25, details of the man’s clothes blend together because there is too little 
contrast. For this reason it seems inadvisable to set any definite degree of 
contrast as a standard. 
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Figure 8.27. Posteroanterior radiograph of the han 
an example of short-scale contrast. 





The old rule “the lower the kilovoltage and the higher the Ma.S., the 
greater the contrast” is true only within certain limits. For example, the 
kilovoltage could be so low that we would have insufficient contrast; to put it 
another way, we can say of such a radiograph that the degrees of brightness 
over the area being examined are too nearly the same for satisfactory dis- 
crimination (Figure 8.26). Perhaps a better term here would be insufficient 
density, since we do not have enough black and white in the image to give 
us contrast and we therefore have no detail. 

General differences in tone value may be divided into two arbitrary scales 
of contrast. As radiographic contrast increases, the difference in tone value 
between adjacent densities becomes greater or more abrupt. The densities 
that represent the thinner portions of the part increase and may become 
opaque. This increase may be carried to excess so that the densities which 
represent the thick parts become very low, to the extent of not recording 
detail at all. For example, when low kilovoltage is used for thin parts, greater 
contrast results between radiographic images of the bones and the flesh. 
However, a point may be reached at which radiographic detail in the thinner 
portions, such as the subcutaneous tissues and muscles, is obliterated by 
opaque silver deposits; and some bone detail may be lost because the 
denser bone tissue absorbs so much radiation that little remnant radiation 
reaches the film. Visibility of detail in those areas is diminished and short 
scale or high contrast results (Figure 8.27). As radiographic contrast de- 
creases, the brightness differences in tone value between densities become 
less; consequently, a greater number of tones are visualized over the entire 





Essentials of the Radiograph 





Figure 8.29. An example of short-scale contrast 


Figure 8.28. An example of short-scale contrast 


image. The transition between tones is gradual since only small density 
differences occur. This type is known as /ong-scale or low contrast. 

Kilovoltage governs the scale of contrast in the image and influences the 
production of secondary radiation fog, which is a supplement density. 

Radiographic contrast is the product of two factors: (1) film contrast, which 
is inherent in film manufacture and developing process, (2) subject contrast, 
which is the result of the absorption of the radiation by the patient. Radi- 
ographic contrast can be controlled by altering either one or both of these 
contributing factors. Subject contrast can be readily altered by changing 
the quality of radiation or kilovol/tage; it is good technique to standardize the 
film and development and leave the control of the contrast in the finished 
radiograph to the single factor—kilovoltage. 


Short-scale contrast 


In a radiograph of a body part with a short range of widely different inter- 
mediate translucent densities, short-scale contrast exists. Such radiographs 
possess instant eye appeal. 

On the whole, a radiograph with short-scale contrast (low kilovoltage) is 
incomplete, for details that represent the thinner and thicker portions of the 
body are not always shown. Typical radiographic examples of short-scale 
contrast are shown in Figures 8.28 and 8.29. 


Long-scale contrast 


Long-scale contrast makes possible the visualization of small image den- 
sity. The short wavelength (higher kilovoltage) radiation effects greater 
penetration of the tissues and results in an abundance of remnant radiation 
of varying intensity which in turn produces a large number of translucent 
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Figure 8.30. Extreme long-scale contrast in orc 
visualize skin lines. 110 Kv.P. and 2.5 Ma.S. 





densities. The contrast scale, however, should never be so long that dif- 
ferentiation between structures is difficult (kilovoltage too high; Figure 8.30). 
Typical radiographic examples of long-scale contrast are shown in Figures 
8.31 to 8.33. 


Other factors influencing contrast 


A number of factors other than ki/ovo/tage influence radiographic contrast. 
They are (a) developer contrast, (b) film contrast, and (c) tissue contrast. 
These factors can, however, be regulated so that they can be considered 


Figures 8.31, 8.32, and 8.33. Ex 
of long-scale contrast 
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re 8.34. Radiograph of the lateral ankle and foot, 
2 with regular film and screens. 





Figure 8.35. Anteroposterior view of the entire foot, 
made with non-screen film 


constants and thus standardized. Still other factors affecting contrast are 
processing (automatic vs. manual), temperature of the developer, screens 
(Figures 8.34 to 8.36), focus-film distance, cones, grids, pathology, compres- 
sion, Opacity of the part, respiration, Ma.S., secondary radiation fog, filters, 
old chemicals, white light or any form of radiation. 


Developer contrast (manual processing) 


Two types of developers are in common use. The regular type is a sodium 
carbonate developer that produces long-scale contrast in the radiographic 
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Figure 8.37. The effect of motion on detail. 





MOVEMENT 


OBJECT 


SHARP OUTLINE BLURRED AND 
DETAIL SHARPNESS LOST 


image. The other is one containing a more active alkali, sodium hydroxide, 
which produces greater contrast in the image than that produced by regular 
developer. Since the type of contrast produced by the developer can be 
changed in some measure by the time and temperature of development, the 
maximum radiographic contrast from either type of development will be 
obtained only when full development is employed. 


Film contrast 


Screen-type film has an inherent higher contrast when exposed with 
screens than when the same film is exposed by direct radiation (cardboard 
holders) at the same kilovoltage. 

Direct exposure films (non-screen) have a thick emulsion, and provide a 
higher contrast than the screen-type film when direct exposures are em- 
ployed for both, using the same kilovoltage. At the same kilovoltage, non- 
screen film is about three times as fast as screen-type film under the same 
conditions. 


DETAIL 


Detail can be considered a visual quality that depends, first, upon sharp- 
ness and, secondly, upon radiographic contrast. 

When structures are sharp and clearly delineated, and when the density 
differences between these structures (contrast) are sufficient for the eye to 
distinguish one from another easily, the radiograph is said to have good 
detail. Sharpness of detail is often referred to as definition. 

The size of the x-ray tube focal spot has a great effect on detail; however, 
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re 8.38. Radiograph of gallbladder in a patient Figure 8.39. Radiograph with a small port of entry—a 
hing 270 pounds. Taken with a large port of entry cylinder cone—taken of the patient of Figure 8.38 


with present-day rotating-anode tubes this size is no longer of critical 
importance. 

When an image is projected from a pinpoint light source, the borders of 
the image are sharp, but if the light source is a larger surface, such as a large 
focal spot of an x-ray tube, the image is ill-defined at the outer edge because 
of penumbra formation. To reduce the penumbra the focal-spot size must be 
small, and the object-film distance as close as possible. The focus-film 
distance should be as long as possible (see Figure 8.40). 

Generally the smaller the size of the focal spot, the sharper the detail. 
Close subject-film contact, non-movement of the part, film, or tube during 
exposure, and good screen contact are essential for good detail. 

The use of screens results in a loss of detail; however, it is impractical to 
use cardboard holders and regular film or non-screen film on heavy parts 
in order to obtain better detail. 

Detail is dependent primarily upon: 


a. Size of effective focal-spot e. Size of port of entry of primary 
b. Focus-film distance beam (Figures 8.38 and 8.39) 

c. Object-film distance f. Speed of screens 

d. Immobilization of the part g. Screen-film contact 


(Figure 8.37) 
Other factors affecting detail are overexposure or underexposure with 
Ma.S. or Kv.P., filters, respiration, fog, stereo shift, grid ‘‘cut-off,’’ Bucky, 
pathology, and compression. 


DISTORTION 


The smaller the source of radiation and the nearer the object to the film, 
the sharper and more accurate the image. 
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Figure 8.40. Geometric principles: the effects of changing the relative positions of source, object, and card. [ 
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re 8.41. Types of distortion caused by inac- 
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OUE TO 
TUBE,OBJECT AND FILM ALIGNMENT 


Geometric principles 


X-rays and gamma rays obey the common laws of light—their shadow 
formation may be explained in asimple manner in terms of light. The analogy 
between light and x-rays or gamma rays is not perfect, but the same geo- 
metric laws of shadow formation hold for both radiations. 

Suppose as in Figure 8.40 that there is light from a point (L) falling ona 
white card (C), and an opaque object (O) is interposed between the light 
source and the card. A shadow of the object will be formed on the surface 
of the card. 

This shadow cast by the object will naturally show some enlargement 
because the object is not in contact with the card; the degree of enlarge- 
ment will vary according to the relative distances of the object from the card 
and from the light source. The form of the shadow also may differ according 
to the angle which the object makes with the incident light rays. Deviations 
from the true shape of the object as exhibited in its shadow image are called 
distortion (Figure 8.41). 

The degree of sharpness of any shadow depends upon the size of the 
source of light and upon the position of the object between the light and 
the card—whether nearer to or farther from one or the other. The shadows 
cast when the source of light is not a small area are not perfectly sharp be- 
Cause each point in the source of light casts its own shadow of the object; 
all these overlapping shadows, since they are slightly displaced from each 
other, produce an ill-defined image. Figures 8.40A—F show the effects of 
changing the relative positions of source, object, and card. The following 
conditions must be fulfilled to produce a sharp, true shadow of the object. 


1. The source of light should be small. Compare Figures A and C. 
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CENTRAL RAY 





FROM TUBE 
PERPENDICULAR 
MAXIMUM FOCAL-OBJECT TO PLANE OF 
, JECT AN 
DISTANCE PRACTICAL a Ea Be 
THE FILM 
MINIMUM OBJECT- FILM 
DISTANCE POSSIBLE 
FILM 


THE CENTRAL RAY DIRECTED THRU THE CENTER OF 
THE PART AND TO THE CENTER OF THE FILM 


Figure 8.42. The best positioning of source, object, and film 


2. The source of light should be as far from the object as practicable. 
Compare Figures B and C, and see Figure 8.42. 

3. The recording surface should be as close to the object as possible. 
Compare Figures B and D. 

4. The light rays should be directed perpendicularly to the recording 
surface. See Figures A and E. 


KILOVOLTAGE 


Of all the four primary factors in the production of a radiograph (milli- 
amperage, time, kilovoltage, and distance) kilovoltage has the greatest 
effect upon the radiographic image. Kilovoltage influences the quality of 
the radiation, determines the contrast in the image, and influences exposure 
latitude, radiographic density, and secondary radiation fog. 

According to a long-established view, a good radiograph is the net re- 
sult of favorable conditions with respect to two basic physical factors: 
contrast and definition. No one can say that definition is more important than 
contrast, or vice versa. In a radiograph with insufficient contrast, bright- 
nesses over the areas are too nearly the same for satisfactory discrimination, 
while with poor definition, areas of one density merge into another so gradu- 
ally that the diffuse image cannot be interpreted. 

Early radiographic techniques employed the use of higher kilovoltages 
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Table 8.1 REVIEW OF THE RADIOGRAPHIC QUALITIES 





Controlling factors 




















Density Contrast | Detail Distortion 
1. Ma.S. TenKvare 1. Motion 1. Focus-film distance 
2. Kv.P. 2. Ma.S. 2. Focal spot 2. Object-film distance 
3. Focus-film distance |3. Tube alignment 
4. Object-film distance 
Factors directly affecting Factors indirectly affecting 
Density Contrast Density Contrast 
1. Thickness of part 1. Bucky 1. Bucky 1. Thickness of part 
2. Opacity 2. Cones 2. Cones 2. Opacity 
3. Pathology 3. Screens 3. Screens 3. Pathology 
4. Compression 4. Cardboard holders 4. Cardboard 4. Compression 
5. Respiration 5. Filters 5. Filter 5. Respiration 
6. Focus-film distance 6. Film 6. Films 6. Focus-film distance 





Factors affecting both density and contrast 





1. Processing 
2. Radiographic efficiency of equipment 





because with low-current equipment, penetration was of paramount impor- 
tance. With the development of equipment with higher milliamperage and 
faster film and screens, radiographic technique swung to the use of lower 
kilovoltages, higher milliamperage, and high film contrast. Now the trend is 
back to the use of higher kilovoltages, and low milliampere-second values, 
which permit lower patient dosage with the production of better diagnostic 
images. Notable among the contributors to the standard approach to this 
technique was the late Arthur W. Fuchs. The use of higher kilovoltages in 
radiography caused the factors of secondary radiation fog, cones, and a 
higher ratio grid to assume great importance. 


ure 8.43. An overexposed radiograph due to 
essive Kv.P Figure 8.44. Underexposure due to inadequate Kv.P 
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Figure 8.45. Anteroposterior view of the shoulder 
overexposure; corrected in B by reducing the K\ 
by 10. In C, insufficient Kv.P. results in underexpost 


Overexposure with kilovoltage 


An overexposed radiograph is gray and flat. The contrast and detail of 
the image are obscured. Under normal conditions, a reduction of 10 to 15 
Kv.P. will improve the radiographic quality appreciably (Figure 8.43). 


Underexposure with kilovoitage 


A radiograph underexposed because of inadequate kilovoltage, because 
of the lack of penetration, is characterized by a chalky appearance and 
insufficient contrast (Figure 8.44). An increase of 10 to 15 Kv.P. will improve 
the radiographic quality; however, a slight adjustment in milliampere- 
seconds may be necessary to provide the optimum film quality. 


Insufficient kilovoltage 


It is not practical to use excessive milliampere-second values when using 
a kilovoltage that is inadequate to penetrate the part. High Ma.S. values and 
low Kv.P. increase the radiation dosage to the patient (see Figures 8.5-8.11 
and 8.12-8.16). 
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ire 8.46. These six anteroposterior views of a pelvis show a broad exposure latitude: A— 20 Ma.S.; B—30 Ma S. 
10 Ma.S.; D—50 Ma.S.; E—60 Ma.S.; F—70 Ma.S 
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Figure 8.47. Posteroanterior view of the chest at 50 Figure 8.48. Chest at 50 Kv.P. and 10 Ma S. 
Kv.P. and 5 Ma.S 


Kilovoltage and contrast 


When secondary radiation and Ma.S. are controlled, kilovoltage becomes 
the factor of radiographic contrast. With contrast, we have detail in the 
image; in fact, detail in the image is dependent upon radiographic contrast 
(Figure 8.45). 

General differences in tone value may be divided into two arbitrary scales 
of contrast. As radiographic contrast increases, the brightness in tone value 
between adjacent densities becomes greater or more abrupt. The densities 
that represent the thinner portions of the part increase and may become 
opaque. This increase may be carried to excess so that the densities which 
represent the thick parts become very low, to the extent of not recording 
detail at all. Visibility of detail in those areas is diminished and short scale 
or “high” contrast results. As radiographic contrast decreases, the bright- 
ness differences in tone value between densities become less; consequently, 
a greater number of tones are visualized over the entire image. The transition 
between tones is gradual since only small density differences occur. This 
type is known as /ong scale or “‘low”’ contrast. 


Kilovoltage and latitude 


Exposure latitude is the range between maximum exposure and minimum 
exposure that can be used to produce a diagnostically acceptable radio- 
graph. Exposure latitude varies with the kilovoltage applied and whether 
or not screens or direct exposures are employed. With long-scale contrast 
technique, from higher or fixed kilovoltage, exposure latitude becomes 
wide, and wide errors in Ma.S. may be tolerated (Figure 8.46A-F). With 
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ure 8.49. Chest at 50 Kv.P. and 20 Ma.S. Figures 
7-49 show a narrow exposure latitude 


lower kilovoltages, short-scale contrast is produced, the exposure latitude 
becomes narrow, and errors in exposure become more critical (Figures 
8.47 to 8.49). 

The only limit to the kilovoltage that can be used in radiography is the limi- 
tation imposed by contrast. The limiting voltage is the one at which the con- 
trast scale has become so /ong that diagnosis becomes doubtful. The limita- 
tions of contrast have been recognized by all who have investigated the 
use of higher voltages for diagnosis. Investigation of the grids of various 
ratios was the starting point for such work since the grid, thus far, is the 
best means of reducing scattered radiation. (Figures 8.50 and 8.51). 

Notable among the investigators of the grid and secondary radiation are 
Wilsey, Trout, Groves, Slauson, Kelley, Seemann and Splettstasser. The 
results of Trout and Kelley proved that the 16-to-1 grid gave a considerably 
higher degree of contrast at any voltage than did the 8-to-1 grid. The contrast 
was reduced as the voltage was increased, but by using the 16-to-1 grid it 
was possible to use a higher voltage and to retain a degree of contrast equal 
to that provided by the 8-to-1 grid at a lower kilovoltage. See Figure 8.52C. 

One of the real gains was the reduction of the exposure to the patient as 
the kilovoltage was increased. The patient dosage can be still further re- 
duced by the use of filters. 

The reduction of scattered radiation with a grid requires that additional 
exposure be made to obtain a satisfactory radiographic image. This may be 
accomplished by raising the milliampere-seconds or kilovoltage; yet so rapid 
is the increase in penetration with increasing kilovoltage, and so effective is 
the removal of scattered radiation in increasing subject contrast, that one 
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Figure 8.50. Radiograph of knee, taken without a Figure 8.51. Radiograph of knee, taken with a gri 
grid plus 20 Kv.P 


may actually attain higher contrast at high kilovoltage with a grid than at 
low kilovoltage without a grid (see in Chapter 10, Figures 10.30C and 10.32). 

With small amounts of scattered radiation, an 8-to-1 grid is almost as use- 
ful as a 16-to-1 grid. A 16-to-1 grid absorbs appreciably more primary radia- 
tion than the 8-to-1 grid. The small gain in subject contrast in changing from 
an 8-to-1 to a 16-to-1 grid technique might not be worth while for average 
thicknesses, because of the increased exposure required to make up for the 
higher absorption. The 16-to-1 grid should be used only when it offers a 
significant advantage by increasing the subject contrast (see Figure 8.52C). 

There has been for years among technologists a commonly held fallacy 
that all radiographs made with high kilovoltage are necessarily gray and 
flat. It is possible to produce films of as good quality with high kilovoltage 
as with low kilovoltage. Radiographs made at various kilovoltage values, but 
with suitable compensation in milliampere seconds, should be indistinguish- 
able from each other in quality, except that one should be able to visualize 
an increased range of densities with high kilovoltage. 

Figure 8.53 shows two exposures of the toes made on non-screen film. 
The anteroposterior projection was exposed at 50 Kv.P. and 25 Ma.S.; the 
lateral at 100 Kv.P., 10 Ma.S. Note the long range of densities from the skin 
to the phalanx and metatarsals. Figure 8.54 shows two exposures of the os 
calcis made on the same non-screen film, one exposure at 50 Kv.P., 60 Ma.S., 
and one exposure at 120 Kv.P. and 15 Ma:S. It will be noted that these ex- 
posures are comparable. 
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ure 8.52. The effect of grids. Radiographs of a 
on: A, at 70 Kv.P. and 60 Ma.S.; B, at 100 Kv.P. and 
Ma.S.; and C at 120 Kv.P. and 50 Ma.S. A and B 
e made with an 8-to-1 grid; C with a 16-to-1 grid 
e the detail recorded in B and C that is missing 


\. 





Kilovoltage and contrast studies 


As a general rule, Kv.P. should not exceed 75 in performing iodinated 
contrast studies. This may be modified slightly by the use of different screens, 
grids, film and three-phase generators. The redsons for this level of Kv.P. in 
these studies are the following: 


(1) As Kv.P. increases, film contrast decreases. 
(2) The linear attenuation coefficient for fat and water (muscle) remains 
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Figure 8.53. Two views of phalanges with 
exposures at different kilovoltages and 


oe. 
100 ad compensations in Ma.S.: non-screen film. 





about the same as Kv.P. increases. 

(3) As Kv.P. increases, the linear attenuation coefficient for meials (i.e., 
iodinated contrast media, bone, barium sulfate suspensions) mark- 
edly decreases. 

(4) In using iodinated contrast media, we try to maintain the maximum 
difference in linear attenuation coefficients between contrast media 
and soft tissues so as to better visualize the contrast media. 

(5) Ideally, one should use about 65 Kv.P. for iodinated, related con- 
trast studies; but in actual practice the Ma.S. may be too long, so 
one would settle for about 70-75 Kv.P., as the x-ray generators 
permit. In many incidents, the patient could be moved to rooms with 
larger generators rather than increasing the Kv.P. 





Under normal conditions one would not want to use a high Kv.P. which 
would give a rather long scale of contrast and perhaps blend out cholesterol 
stones in gallbladder studies. 

Kilovoltage: a review 


Since kilovoltage plays such an important role in radiography, it might be 







Fi 8.54. T f os calcis: ex- 
15 MAS , 60 MAS sees made at hgRaBE ow Kilovoltagai 
120 KVP : 50 KVP with compensation in Ma.S.: non-screer 

se a ' film 
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ire 8.55. Secondary radiation fog. 





Figure 8.56. In this view, a cylinder cone has been 
used to reduce secondary radiation fog. 


well to review the influence of kilovoltage on radiographic exposure. 

When all other factors are constant, density changes with Kv.P.; Kv.P. 
governs the quality of radiation; Kv.P. governs penetration; Kv.P. influences 
the amount of secondary radiation fog; Kv.P. regulates exposure /atitude; 
Kv.P. controls contrast: low Kv.P. produces short-scale contrast, high Kv.P. 
produces long-scale contrast. 

The use of the higher kilovoltages (above the usual variable kilovoltage 
techniques) provides greater exposure efficiency in routine radiography 
because details in all tissue are recorded as translucent densities. Soft- 
tissue detail is often better than that produced by lower kilovoltage. See 
Figures 8.53, radiograph of the toe at 100 Kv.P., and 8.54. 

The radiation dose to the patient is reduced as the kilovoltage increases 
and the milliampere-seconds decreases because the body absorbs less 
radiation than at lower kilovoltages. 

A fixed or higher kilovoltage technique will produce more uniformity in 
routine radiography than a relatively low, variable kilovoltage technique, 
since the /atitude and penetration at the higher kilovoltage permit more 
uniform results. 


SECONDARY RADIATION FOG 


Secondary radiation fog is a supplement density and obscures image 
details. Fog is characterized by a dull gray appearance and the absence of 
contrast and detail (see Figure 8.55). 

The amount of secondary radiation fog depends upon tissue thickness 
and density of the subject matter, as well as the kilovoltage employed. 

Secondary radiation fog may be controlled by the proper use of exposure 
factors, strict coning of the part radiographed, and the use of grids, with a 
grid ratio appropriate for the thickness and density of the part. It is suggested 
that the sections on cones, diaphragms, and grids be reviewed in order to 
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become more familiar with the control of secondary radiation fog. Figure 
8.56 shows the effect.of a cylinder cone in improving contrast by restricting 
the area in which secondary radiation fog is generated. See Figures 8.38 
and 8.39, radiography of the gallbladder. 


MILLIAMPERE SECONDS 


Milliampere seconds is simply the milliamperage (Ma.) multiplied by the 
time of exposure in seconds (s.), the product being Ma.S. 

It is most important for the technologist to become familiar with Ma.S., 
since proper control of this factor gives him an opportunity to fit the ex- 
posure to the problem at hand. 

It is suggested that the reader refer to Table 7.9 in order to become familiar 
with the most common Ma.S. values used in radiography. The Ma.-time 
relation formula on page 102 should be reviewed until one is able to work 
this formula from memory. 


Table 8.2 SUMMARY OF THE RADIOGRAPH AND IMAGE FORMATION 





PHOTOGRAPHIC ASPECTS 


|. Radiographic density 

Controlled by: 

Ma.S. 

Focus-film distance 

Heel effect 
Influenced by: 

Kv.P. 

Fog 

Processing 


1. Radiographic contrast 
Controlled by: 
Kilovoltage 
Influenced by: 

Filters 

Fog (all forms) 
Development 
Tissue contrast 
Type of film 
Pathology 


Ill. Secondary radiation fog 
Affected by: 
Size of area irradiated 
Compression 
Cones 
Diaphragms 
Grids 
Kv.P. 
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GEOMETRIC ASPECTS 


|. Image sharpness (definition) 
Affected by: 

Focal-spot size 
Object-film distance 
Focus-film distance 
Motion 
Screen-crystal size 
Film-screen contact 


Il. Image size (magnification) 
Influenced by: 
Focus-film distance 
Object-film distance 


Ill. Image shape (distortion) 
Influenced by: 
Alignment of tube to film 
Alignment of part to film 
Object-film distance 





Essentials of the Radiograph 
REVIEW: DENSITY VERSUS CONTRAST 


If an x-ray film is placed in the direct path of an x-ray exposure, without 
there baing an object placed on the film and subsequently processed, the 
result is a film covered with about the same amount of black metallic silver 
at every point over its entire surface. This deposit of black metallic silver on 
the radiograph is known as radiographic density. lf we were to place an 
object on the film and make another exposure and process the fi!m, the 
image of the object would be rendered not as one density but as two or more 
densities. The mere fact that there are two or more densities that can be seen 
and compared indicates the presence of radiographic contrast. 

To provide satisfactory radiographic contrast, each density should permit 
the transmission of a certain amount of light from a standard radiographic 
illuminator. The light value of each density is called a tone. Since each tone 
in a radiograph is a radiographic representation of some detail within the 
object radiographed, obviously we cannot afford to have areas in the radio- 
graphic image that are devoid of them, nor should the density be so great 
that it ceases to have tone value. Such areas are ordinarily useless for 
diagnosis. 

There are two types of radiographic contrast. Where only a few tones are 
present and the transition between the densities is abrupt or great, we havea 
radiograph with short-scale contrast. Such radiographs are usually made 
with low kilovoltage. Long-scale contrast is evident in a radiograph by a 
large number of tones of varying density over the entire image. These tones 
differ from one another by only small amounts of density, and the transition 
between tones is very gradual. Radiographs possessing long-scale contrast 
are usually considered to have good diagnostic quality. The higher kilo- 
voltages produce this type of contrast and provide great exposure /atitude 
as well. A disadvantage encountered in the use of the lower kilovoltages is 
the lack of tissue penetration that so frequently results, as well as the neces- 
sity of strict accuracy of exposure. 

X-rays must penetrate the body tissue in order to produce an image. As 
the x-ray beam traverses the body part, the intensity of the x-ray is attenuated 
in proportion to the kind and thickness of the tissue; bone absorbs more 
radiation than muscle, muscle more than skin. It is not the primary radiation 
that exposes the radiographic film, but the radiation leaving the body part, 
known as remnant radiation. |f the radiation applied does not penetrate the 
part, obviously no x-ray wavelengths leave that part to produce a radiographic 
image. To be effective, therefore, the quality of the radiation must be such 
that the part is penetrated — irrespective of its thickness—and the quantity of 
radiation must be adequate to provide a satisfactory image. 

Kilovoltage or penetration regulates the quality of radiation—its wave 
length and resulting penetrating power and hence the scale of contrast. The 
Ma.S. factor should be considered the quantity or amount of radiation reach- 
ing the film and resulting degree of density on the finished film. When a 
kilovoltage has been selected as desirable for a given projection, it should be 
established as a constant; then any change in radiographic density that may 
be required becomes a function of the Ma.S. or density factor. By first es- 
tablishing the kilovoltage as a constant, the changes in contrast are mini- 
mized as compared with techniques that employ changes in kilovoltage to 
regulate density and for which consequently contrast varies widely. 
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Figure 8.57. Posteroanterior view of skull at 100 Kv.P Figure 8.58. Posteroanterior view of skull at 85 Ki 


Figure 8.45 above shows a series of radiographs demonstrating the results 
of (A) overexposure, (B) correct exposure, and (E) underexposure. Note 
opaque silver deposits in A and the absence of some silver deposits in C, 
indicating a loss of detail. 

Assuming that a radiograph is processed by a standardized method, either 
manual or automatic processing, Opaque deposits are known as overex- 
posures; areas of the image possessing little deposited silver are almost 
totally transparent and are known as highlights or underexposure. Under 
the standard conditions of illumination, highlights possessing little silver, 
and therefore little detail, are diagnostically useless in modern radiography. 
Areas of overexposure may also be considered diagnostically useless, since 
the opaque silver deposits obscure image details when the radiograph is 
viewed on the standard radiographic illuminator. 

In the visualization of radiographic detai/, it is the tone relationship be- 
tween one density and another that enables image details to become visible 
(Figures 8.57 to 8.60). This constitutes radiographic contrast. Radiographic 
contrast is a result of the difference in translucency between the various 
radiographic densities that compose the image. Generally speaking, visual- 
ization of details depends upon the degree of contrast and sharpness with 
which they are rendered (Figure 8.61). 

The scale of contrast in a radiographic image is determined by the number 
and the tone value of the various densities. Radiographic contrast may vary 
widely or within some acceptable average range depending upon the nature 
of the part being radiographed. A good radiograph is one that shows a cor- 
rect balance of densities over the entire contrast scale. The contrast should 
be such that, with the exposure techniques normally used, good differentia- 
tion is shown between tissue detail portrayed over the whole area of interest, 
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re 8.59. Lateral view of skull with opaque 
ium at 85 Kv.P 


Figure 8.60. Postoperative view of skull at 100 Kv.P 


without loss of detail in the /ighter or darker areas of the radiographic image. 

From the foregoing we may conclude the following: 

Radiographic density is the deposit of black metallic silver on the radio- 
graphic film that results as it has been exposed and processed. Details of the 
part examined are rendered as radiographic densities of varying degrees of 
concentration. 

Radiographic detail comprises all silver deposits on a radiographic film, 
that is, the aggregate composing the radiographic image. 

Tone value —how Clearly we see the structure — of any radiographic density 
is influenced by the degree of silver concentration in the deposit. Tone value 
is considered to be the degree of light transmission or brightness value of 
the various densities when they are viewed as an aggregate and as an image 
on a standard x-ray illuminator. 

Radiographic contrast is that characteristic of the image that provides 
sufficient differentiation between translucent radiographic densities to reveal 
all possible anatomical details when viewed on a standard x-ray illuminator. 
Contrast cannot exist unless two or more radiographic densities are present. 
Contrast precipitates the visualization of all important tissue structures ir- 
respective of their type. Kilovoltage is the exposure factor that regulates 
radiographic contrast; hence the visibility of details. There are two general 
types of contrast — 


Short-scale contrast, wherein the range of image densities is short and 
small in number, and each density exhibits a large tonal difference from 
its neighbor. This type of contrast is considered to be impractical in 
modern medical radiography. 


Long-scale contrast, wherein the range of image densities is wide and 
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Figure 8.61. Comparison of results. The view in A was taken at 50 Kv.P. and 100 Ma.S. with regular film and ac 
board holder. B was taken at 60 Kv.P. and 70 Ma.S., also with regular film and a cardboard holder. Note the incr 
in overall detail. Views C and D were taken with regular film and screens—C at 60 Kv.P. and 2.5 Ma.S., and Dé 
Kv.P. and 10 Ma.S 


great in number and each density exhibits only relatively small tonal 
difference from its adjacent structure. This scale of contrast is con- 
sidered ideal for modern medical radiography. 
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There are times when extremely short-scale contrast and long-scale 
contrast can be used to an advantage in certain radiographic problems. 
Figure 11.19, for example, shows pathological destruction of the skull. 
Then to visualize the skin lines, a higher kilovoltage was used as depicted 
in Figure 11.20. 

Other factors influencing contrast are properties inherent in the x-ray 
developer, the type of film employed, the radiographic intensifying screens 
when used, and the type of tissue radiographed. These all contribute to the 
sum total of radiographic contrast. 

Penetration of the tissue is determined by the x-ray wave length, which is 
directly influenced by the kilovoltage; it is also effected by the density of 
the tissue as well as the thickness of the particular part. 


GENERAL SUMMARY 


The influence of kilovoltage and its relation to other exposure factors 
in altering radiographic density and contrast is summarized as follows: 


(a) Kv.P.-density relation. When all other factors are constant, density 
changes with Kv.P. 

(b) Kv.P.-time relation. With changes in Kv.P., the time of exposure 
must be adjusted to compensate for the density influence of Kv.P. 

(c) Kv.P.-Ma. relation. |t is impractical in routine radiography to employ 
this relation. The effects are the same, however, as the Kv.P.-time 
relation. 

(d) Kv.P.-FFD relation. |n practical radiography, the need for using this 
relation is extremely rare. 

(e) Kv.P.-penetration relation. By virtue of its control of x-ray wave 

length (quality of radiation), Kv.P. governs the degree of x-ray 

penetration of body tissues. 

Kv.P.-fog relation. Kv.P. has a direct influence on the production of 

secondary radiation generated in the tissues; hence, Kv.P. influences 

the amount of secondary radiation fog produced on the radio- 

graphic image. 

Kv.P.-contrast relation. Kv.P. has a direct bearing upon the contrast 

scale; as Kv.P. changes, contrast changes. The lower the kilo- 

voltage, the shorter the scale of contrast. The higher the kilovoltage, 

the lower the scale of contrast. 

(h) Kv.P.-latitude relation. Because of its control over radiographic 
contrast, Kv.P. regulates exposure latitude. 

The use of higher kilovoltage provides greater exposure efficiency in 
radiography for the following reasons. 

(a) Anatomical details in all tissue thicknesses are rendered as trans- 
lucent densities. The relative absorption properties between bone 
and flesh are reduced, making possible visualization of more struc- 
tural details. Soft tissue detail is as good, if not better, than that 
produced by the lower kilovoltages because shorter exposures tend 
to reduce motion unsharpness. At lower kilovoltages, bone detail 
often tends to obscure details of soft tissues that lie behind the bone. 
Complete penetration of bone by higher kilovoltages reveals soft 
tissue details that are not visible at lower kilovoltages. 
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(b) Greater image sharpness is obtained because shorter exposures 
may be employed with smaller focal spots. 

(c) The radiation dose to patients is reduced as the kilovoltage level 

increases because the body absorbs less radiation than at the lower 

kilovoltages. More radiation can, therefore, reach the film to expose 

it and exposures can be reduced. 

Heat production in the x-ray tube is reduced because smaller 

energy loads can be employed, thereby increasing x-ray tube life. 

As the kilovoltage increases, tube efficiency increases. There is 

more radiation per watt of electric power consumed when using the 

higher kilovoltages than there is when using the lower kilovoltages. 

A correct exposure may therefore be produced with less heat gen- 

erated in the tube. 

Greater exposure latitude may be secured. As the kilovoltage in- 

creases, exposure latitude increases. 

The higher kilovoltages make possible the use of many radiographic 

techniques that heretofore have been too difficult to perform. 


a 


(e 


— 
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The influence of Ma. and time of exposure in relation to radiographic 
density is summarized as follows. 


(a) Ma.-density relation. When all exposure factors but milliamperage 
are constant, radiographic density increases in direct proportion 
to the Ma.; hence, as time is increased, the density increases, and 
vice versa. 

(b) Ma.-time relation. When Ma. is changed, time must be proportion- 
ately changed, and vice versa. 

(c) Ma.S.-density relation. The Ma.S. factor is the product of Ma. and 
time (in seconds) and should be employed as the factor of density 
control. 

(d) Time-density relation. When all other factors but time of exposure 
remain constant, the radiographic density increases in direct pro- 
portion to the time; hence, as time is increased, the density in- 
creases, and vice versa. 


The influence of focus-film distance and its relation to other exposure 
factors in altering radiographic density is summarized as follows. 


(a) FFD-density relation. When all factors but focus-film distance are 
constant, the radiographic density decreases as the FFD increases. 

(b) Time-FFD-density relation. The time of exposure required to pro- 
duce a given radiographic density is directly proportional to the 
square of the FFD when all other factors are constant. 

(c) Ma.-FFD-density relation. The millimaperage required to produce 
a given radiographic density is directly proportional to the square 
of the FFD when all other factors are constant. 

(d) Ma.S.-FFD relation. The Ma.S. required to produce a given radio- 
graphic density is directly proportional to the square of the FFD 
when all other factors are constant. 


Fog can be controlled by 
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2. The use of correct exposure, and 
3. The use of cones and/or grids. 


Kilovoltage should be employed as the factor influencing contrast. An 
unrestricted beam of x-rays always causes a larger amount of secondary 
radiation to be emitted by the tissues than a beam confined by a cone or 
diaphragm. As may be expected, any method of limiting the amount of 
secondary radiation, produces radiographic images of better diagnostic 
quality. When a cone or grid is not used, kilovoltage then becomes the most 
important factor in the control of fog. With a knowledge of how secondary 
radiation fog affects the overall density of the image, and hence the quality 
of the radiograph, a balance of exposure factors and accessory apparatus 
can lead to the selection of an exposure that will be best suited to each body 
part examined. 

(1) As kilovoltage is increased, secondary radiation fog as well as overall 
density increases. 

(2) When secondary radiation is controlled efficiently, kilovoltage be- 
comes the factor of radiographic contrast. 

(3) When Ma.S. compensates for the density effect of the increased kilo- 
voltage, the low level of image fog is relatively the same, irrespective of the 
kilovoltage. 


REVIEW 


When body parts of unequal thickness of tissue density are to be recorded, 
the following rule should be observed. 


Rule. Align the long axis of the x-ray tube with the long center axis of the 
part and film, and direct the cathode portion of the x-ray beam toward the 
anatomic area of greatest tissue density thickness. It should be observed 
that the heel effect diminishes with an increase in the focus-film distance 
and with the use of small-size films, since the more uniform intensities of 
greatest effect are observed when the focus-film distance is relatively short, 
and again when a large film is employed and the body part is uneven in 
thickness or tissue density. 


The scale of densities that determines the contrast and the visibility of 
detail is directly influenced by the x-ray wave /ength, which in turn is regu- 
lated by the factor of kilovo/tage. This can easily be demonstrated by the 
student or instructor by making a radiograph of a step wedge with an ex- 
posure of /ower kilovoltage and an exposure at a higher kilovoltage. 

The above experiment will illustrate the fact that radiographic details of 
an object cannot be seen in the image unless there are discernible differences 
in tone value between densities, and that there must be a silver deposit on 
the film if a detail within the object is to be demonstrated. The experiment 
is typical of short-scale contrast technique. From a purely photographic 
standpoint, the result may be likened to Figure 8.63, where a large number 
of details in the image of Figure 8.62 are absent. 

In making a similar experiment but using a shorter wave length (higher 
Kv.P.), we can see an entirely different result. The kilovoltage has been in- 
creased and provides radiation (wave length) that penetrates all portions 


141 


FORMULATING X-RAY TECHNIQUES 





Figure 8.62. A photograph showing the characteris- Figure 8.63. A short-scale-contrast version of | 
tics of long-scale contrast ure 8.62. 


of the step wedge. The transition between tones is gradual, and each tone 
is distinctive. This is typical of long-scale contrast. From a photographic 
standpoint, this result may be likened to the photograph in Figure 8.62. 

In the final analysis, the criterion of good diagnostic contrast is whether 
one sees all one expected to see. 
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Chapter 9. POSITIONS AND PROCEDURES; 
PATHOLOGY AND INJURY 


It is most important from the point of view of exposure factors that the 
technologist know the relative differences in the composition and thick- 
nesses of body parts. Bone is more dense to x-rays than the surrounding 
soft tissue. Body fluids possess about the same absorption characteristics 
as soft tissue. Moreover, the pathological and physiological states of the 
tissue are extremely important in selecting the exposure factors. 

Most departments of radiology apply routine views and positions for all 
parts to be radiographed. If pathology is present in the routine views, the 
radiologic technologist, under the direction of the radiologist or physician 
in charge, should elaborate the technique in order to best show the pathol- 
ogy or to elucidate the diagnosis. 

Suggested procedures are listed in Table 9.1. One should check with the 
radiologist or physician in charge for the position or the procedure to be 
used in individual departments. The information in the table is a guide only. 


Table 9.1 ROUTINE VIEWS AND VIEWS TO SHOW PATHOLOGY 


Injury, pathology or 








Part diagnostic procedure Suggested procedure 
Extremities 
Hand Routine Posteroanterior (P.A.), and 
oblique 
Fracture ‘ P.A., oblique and lateral 
Bone age (wrist) PA 
Foreign body P.A., oblique and lateral, 
using cardboard holders 
Pathology (tumor, etc.) P.A., lateral and oblique 
Forearm Routine Anteroposterior (A.P.) and 
lateral 
Elbow Routine A.P. and lateral, with thumb 
upright 
Radial head A.P.—hand supinated; A.P.— 
hand pronated 
Olecranon process A.P.; acute flexion of elbow 
A.P., lateral and oblique 
Wrist Routine A.P., lateral and oblique 
Fracture A-P., lateral and oblique 
Scaphoid A.P. in ulna deviation; 
lateral and AP 
Carpal canal Distoproximal projection 
Humerus Routine A.P. and lateral 
Foot Routine A.P., lateral and oblique 
Fracture A-P., lateral and oblique 
Toes Routine or fracture A.P., oblique and lateral 
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Sesamoids 


Ankle 


Os calcis 
Tibia-fibula 


Knee 


Patella 


Femur 


Shoulder 


Clavicle 


Scapula 


Sternum and ribs 
Sternum 


Sternoclavicular 
articulation 
Ribs 


Pelvis 


Hip 


Spine 
Atlas and axis 


Cervical 
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Routine 

Bone age 

Fracture 

Malleolus 
Tibiofibular articulation 
Routine 

Routine 

For veins 

Routine 

Femoral condyles 
Intercondyloid space 
Routine or fracture 
Routine 

Routine 


Fracture 


Subdeltoid bursa 


Coracoid process 
Glenoid fossa 
Acromioclavicular joint 

for dislocation 
Routine 


Fracture 
Routine 


Pathology 


Above diaphragm 
Below diaphragm 


Pathology 


Fracture 
Fracture 


Routine 


Routine 
Fracture 
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Oblique metatarsophalangeal 
joint 

Lateral 

A.P., lateral and oblique 

A.P., oblique and lateral 

A.P., oblique, medially, and 
lateral 

Lateral and plantodorsal 

A.P. and lateral 

Lateral with a reduction of 
Kv.P. or Ma.S. (venogram) 

A.P. and lateral 

Posterior oblique 

A.P. knee with 60° tilt of 
central ray and knee flexed 

P.A., lateral and axial; axial 
with cardboard holder 

A.P. and lateral; measure 
part and use pelvis ex- 
posure technique 

AP. 

A.P. in stereo, axial and 
lateral 

A.P. in internal and external 
rotation with a reduction 
in Kv.P. or Ma.S. 

A.P. with central ray di- 
rected 15—20° cephalad 

A.P. with patient rotated 
toward affected side ap- 
proximately 45° 

A.P. of both shoulders with 
patient in the erect posi- 
tion 

P_A. shoulder 

A.P. stereo and lateral 

A.P. and P.A. oblique 


P.A., oblique and lateral, or 
tomography 

P.A., oblique, slow-breathing 
technique and close focus- 
film distance technique 

P.A. with close focus-film 
distance technique 

P_A. bucky chest technique 
and/or grid 

A.P. abdomen or P.A. gall- 
bladder technique 

A.P. on 14 x 17 film 
transverse 


A.P. stereo 
AP stereo and true lateral 


A.P. chewing technique or 
A.P. with mouth open and 
lateral 

A.P. and lateral and oblique 

A.P. stereo and transverse 
lateral. Note: Do not move 


Thoracic 


Lumbar 


Sacroiliac joints 


Sacrum 


Sacral canal 
Coccyx 


Skull 


Intervertebral foramina 


Tumor or disc 


Routine 
Fracture 
Fusion 


Tumor 


Kyphosis 


Scoliosis 


Routine 


Disc or tumor 
Fusion 
Spondylolisthesis 


Arthritis 


Separation 
Tumor 
Routine 


Routine 
Routine 


Routine 
Fracture 


Foramen magnum 


Base 


Carotid canals 


Procedures: Pathology and Injury 


patient unless under 
doctor's supervision 

Right and left obliques; A.P. 
and lateral 

A-P., lateral and right and 
left obliques followed by 
myelogram studies by 
radiologist and neuro- 
surgeon; flexion and ex- 
tension in the lateral 
projection 

A.P. and lateral; lateral 
using slow breathing 
technique 

A.P. in stereo and lateral 

A.P. lateral, flexion and 
extension 

A.P. lateral and obliques: 
myelogram by radiologist 
and/or neurosurgeon 

Lateral, A.P., employing two 
films: (1) A.P. with central 
ray directed 10° cephalad; 
(2) A.P. with central ray 
directed 10° caudad 

A.P. on 14 x 17 film in up- 
right position; include 
from the crest of the ilium 
up 

A.P. and lateral, right and 
left obliques with spot 
film of L-5 

Same as above followed by 
myelogram 

A-P., lateral and flexion and 
extension 

A.P., lateral and obliques 
and spot film of L-5 

A.P. bilateral of entire 
pelvis, right and left 
obliques of each joint 

A.P. in stereo, right and 
left obliques 

A.P. with right and left 
obliques 

A.P. with central ray di- 
rected 15° cephalad 

P.A. in sitting position 

A.P. with central ray di- 
rected 10° caudad, lateral 
spot film 

A.P. stereo and lateral stereo 

A.P. stereo, lateral stereo; 
brow up stereo for fluid 
levels 

A.P. skull with central ray 
directed at an angle of 45° 
caudad 

A.P. skull with central ray 
directed 35° caudad, and 
mentovertex 

Mentovertex in stereo 
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Thoracic viscera 
Trachea 


Chest 
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Foramen ovale 
Petrosae 
Tumor 


Eighth nerve tumor 


Labyrinth 


Sella 
Optic foramen 


Exophthalmos 
Inferior orbital fissure 


Mastoid 


Styloid (of the temporal 
bone) 
Sinuses 


Fluid level 


Ventricular system 
Arterial system 


Routine 


Foreign body 


Routine (lungs and heart) 
Heart 


Foreign body 


Diaphragm excursion 


Fluid level 
Coin lesion 
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Mentovertex in stereo 

Mentovertex. Stenvers, P.A. 

A.P. and P.A. stereo, right 
and left lateral mento- 
vertex, brow up stereo fol- 
lowed by air study 

A.P. in stereo with central 
ray directed 30° caudad; 
O.M.L. perpendicular with 
tabletop, mentovertex 
stereo right and left 
Stenvers 

Mentovertex stereo, right 
and left Stenvers, A.P 
stereo with central ray di- 
rected 30° caudad 

A.P. skull with 25° caudad 
tilt and a true lateral 

Rhese position 

Reverse Rhese position 

P.A. skull with central ray 
directed 20° cephalad and 
central ray passing 
through the nasion 

Positions vary considerably: 
take bilateral, Law position 
A.P. Towne position, right 
and left Stenvers. Rund- 
strom | and II, mentover- 
tex, Mayer position, 
mastoid tip projection 

Lateral and P.A. 


P.A. Caldwell, P.A. maxillary, 
PA. sphenoid, true lateral 
Sinuses should be done in 
the upright projection 
Cerebral pneumography 
Cerebral angiography 


A.P. and oblique, lateral; 
body section 


Right and left obliques: 
P A. and lateral 

P.A. and left lateral 

P.A., right oblique at 45°, left 
oblique at 60°, and lateral; 
all films should be made at 
a 72-in. distance 

P.A. chest on inspiration, 
P_A. chest on expiration: 
right and left obliques and 
lateral 

Double exposed PA. chest 
without patient moving; 
(1) exposure on inspira- 
tion; (2) exposure on ex- 
piration; fluoroscopy 

P.A. lateral and decubitus 

P.A. lateral and A.P. 
lordotic, body section 


Facial bones 


Facial profile 
Nasal bones 


Zygomatic arch 


Mandible 


Temporomandibular 


articulation 


Neck 


Nasal pharynx 


Digestive system 
Abdomen 


Interlobar effusion 


Heart and great vessels 


Bronchial trees 
Aneurysm of aorta 


Mediastinal mass 
Mitral stenosis 
Hodgkin's disease 
Cancer, lung 
Routine 


Fracture 


Symphysis 
Submaxillary gland 


Routine 


Parotid and submaxillary 
glands 


Soft tissue 
Pharynx 


Routine 
Acute 


Abdominal aorta 


Tumor mass 
Calcification 
Fistulae and/or sinus tract 


Procedures: Pathology and Injury 


P.A. lateral and AP. 
lordotic 

Fluoroscopy, P.A. lateral and 
right oblique at 45°, left 
oblique at 60° 

Bronchography 

Fluoroscopy, esophagus 
studies with barium and 
spot films, right and left 
oblique of chest with 
barium 

Fluoroscopy; films as indi- 
cated by radiologist 

Fluoroscopy; films as indi- 
cated by radiologist 

P.A. and lateral with an in- 
crease in Ma.S. or Kv.P 

P.A. lateral, right and left 
obliques and P.A. lordotic 

Waters view and lateral 
skull 

Waters stereo and lateral 
stereo with affected side 
down 

Soft-tissue technique 

Lateral: use cardboard 
holder 

Right and left for compari- 
son; use exaggerated 
Waters position with chin 
and head extended and 
median plane rotated 10° 
right and left 

Inferiorsuperior projection 

Inferiorsuperior projection 
with occlusal film 

Lateral and P.A. 

Lateral with mouth open and 
mouth closed, A.P. 
oblique body section 

Oblique lateral projection 
after injection of opaque 
media by radiologist 

A.P. and lateral 

Lateral of neck, soft tissue 
with phonating ‘a’ 

Lateral of skull with patient 
breathing in through the 
nose on inspiration only 


AP. 

A.P., upright, lateral, and 
decubitus 

Lateral of abdomen minus 
6—10 Kv. or minus 30% 
Ma.S.; or use high- 
kilovoltage technique 

A.P. and lateral 

A.P. and lateral 

Fluoroscopy and injection 
of opaque media by 
radiologist 
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Gallbladder 


Biliary tract 


Gastrointestinal tract 


Stomach 


Esophagus 


Excretory system 
Renal pelves 
Urinary bladder 
Urethra 
Prostate 
Female reproductive system 
Breast 


Fallopian tubes 
Early pregnancy 
Pelvimetry 


Liver and spleen 


Routine 
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A.P. abdomen, center film 
6 in. higher than for 
routine abdomen 

P.A., decubitus upright and 
lateral; very thin patients 
take oblique 

Cholangiography; fluoros- 
copy by radiologist and 
films as indicated 

Fluoroscopy by radiologist 
and films as indicated 

Fluoroscopy by radiologist; 
films usually consist of 
P.A. obliques, serial films, 
and spot films 

Fluoroscopy and films as 
indicated by radiologist; 
usually right obliques with 
barium and spot films 

A.P. abdomen 

Urography 

Cystography 

Urography 

Cystography 


Mammography; various 
views and exposure pub- 
lished by Egan and others 

Uterosalpingography 

A.P. abdomen 

Procedures vary con- 
siderably; Colcher- 
Sussmann, Thoms method, 
Ball method, or others 


Procedures: Pathology and Injury 
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Figure 9.1. The viscera: posteroanterior view. 
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Figure 9.2. The viscera: anteroposterior view. 
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FLUID LEVEL EXPERIMENT 


There are a number of clinical conditions in which the radiographic 
demonstration of fluid levels plays an important part in interpretation. 

For very sick patients who cannot be placed in the erect position, we 
usually direct the central ray perpendicular to the film and fa// to demon- 
strate fluid levels when they are present, or project them with poor detail 
so that the shadows cannot be identified as fluid levels. 

It is a well-known fact that no matter in what position we hold a con- 
tainer of fluid, the fluid level will always be parallel to the floor. Therefore, 
if we direct the central ray parallel to the floor, no matter what the position 
of the container (patient), the fluid level will be demonstrated on the film 
as a sharp, well-defined margin. 

Figure 9.3 demonstrates a bottle partially filled with a solution of water 
and Hypaque radiographed at an angle simulating an erect patient. The 
central ray is directed perpendicular to the object and film. Figure 9.4 por- 
trays the patient in asemierect position, with the central ray directed perpen- 
dicular to the film. Figures 9.5 and 9.6 portray the patient in the semierect 
position, with the central ray para//e/ to the floor. 

Figure 9.7 is a radiograph made of a patient in the semierect position with 
the central ray directed perpendicular to the patient and film. Figure 9.8 
portrays the same patient radiographed in the semierect position, with the 
central ray directed paralle/ to the floor. 


Figure 9.4. Simulation of patient in a semierect posi- 
re 9.3. Bottle with Hypaque simulating an erect tion; the central ray is directed perpendicular to object 
ont. and film. 





151 


FORMULATING X-RAY TECHNIQUES 











Cc 
Figure 9.6. Diagram of Figure 9.5 in side view 
Figure 9.5. Simulation of patient in a semierect posi- 
tion; the central ray is directed para//e/ to the floor 
Figure 9.7. Radiograph of patient in the position Figure 9.8. Radiograph of patient in the positi 


simulated in Figure 9.4 simulated in Figures 9.5 and 9.6. 
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Chapter 10. FORMULATING THE TECHNIQUE 
CHART: VARIABLE KILOVOLTAGE METHOD 


Radiography is the art of recording on a sensitive emulsion the hidden 
structures of the body. The permanent record which we make is called a 
radiograph. It is a pictorial representation of structures—a form of picture, 
and like all pictures, it possesses pictorial qualities, namely, density, con- 
trast, detail, and distortion. Distortion is not thought of as a quality but is 
always included in this group. We speak of the qualities and we ask, how 
much density? A satisfactory amount. Satisfactory for whom? The radiolo- 
gist. Contrast? Sufficient. Sufficient for what? Sufficient to show the ana- 
tomical structure. Detail? How much? Maximum. Distortion? As little as 
possible. We might also ask, what is technique? Technique is that combina- 
tion of mechanical methods by which one achieves a satisfactory balance 
of these four factors: density, contrast, detail, and distortion. 

Any technique (exposure system) is now, and always has been, subject to 
patient eva/uation by the technologist. 

All x-ray machines should be calibrated before one attempts to formulate 
a standard technique chart. Machine factors vary considerably; and in order 
to work for a standard production of film quality, one must know the output 
and characteristics of a particular machine. 

The four primary factors involved in the production of a radiograph are 
focus-film distance, milliamperage, time of exposure, and kilovoltage. The 
focus-film distance can be measured accurately and duplicated very easily. 
Milliamperage can be measured accurately by the milliammeter; the timer 
can be tested for accuracy by the use of a spinning top or oscilloscope 
for exposures less than one second, and by a stop watch for exposures 
longer than one second. 


Tube-rating chart 


Before the technique chart is formulated one should refer to the tube- 
rating chart (Figure 10.1), since repeated exposures or even one long ex- 
posure may produce enough heat in the anode to cause serious damage. 
The tube-rating chart enables one to determine the combination of kilo- 
voltage, milliamperage, and time that can be safely used for any given 
exposure. 


Distance 


The distance from the film to the tube focal-spot, known as focus-film 
distance, is determined to a large extent by the ratio and radius of the Potter- 
Bucky diaphragm or grid cassette when used (focused or parallel). The other 
factor influencing distance is the factor of distortion (short distance — more 
distortion; longer distance—less distortion). 
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Ratings For Operation on Full-Wave Rectification 
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Figure 10.1. Tube-rating charts: single-phase and three-phase. 


Kilovoltage 


The kilovoltage should be adequate to penetrate the anatomical part. 
Kilovoltage governs the quality of the x-rays and controls contrast. 


Milliamperage 


The milliamperage should be high enough to produce a given density. 
The milliamperage governs the quantity or amount of radiation. 


The time factor 


The time factor refers to the length of exposure and is usually measured 


in fractions of a second or in seconds. 


Milliampere-seconds 


Milliampere-seconds (Ma.S.) is a measurement of the milliamperage and 
time of exposure. Example: 100 Ma. for '/,) of a second is 10 Ma.S.; 10 Ma. 
for 1 second is 10 Ma.S.; 200 Ma. for '/,, of a second is 10 Ma.S. 
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A working knowledge of milliampere-seconds can be a great asset in fitting 
the exposure to the problem. See Table 7.9 in Chapter 7. 


Cones or collimators 


A cone or collimator should be used in every projection, in order to reduce 
secondary radiation fog. 


Filters 


At least 2 mm. of external aluminum filtration should be used for all ex- 
posures. 


The Potter-Bucky diaphragm and grids 


With few exceptions the Bucky or a grid should be used for radiography 
of all parts 12 cm. or more in thickness. Exceptions are the lungs, heart 
(except for large, heavy patients), lateral mandible, hands, wrists, ankles, 
legs, and sinuses. 


Screens or cardboard holders 


Screens should be used where speed is important and for all parts other 
than the so-called smal/ parts, e.g., extremities and nasal bones, except in 
certain special techniques. 


THE PATIENT PROBLEM 


When the patient is ready for the radiography, the physical characteristics 
and region or part to be examined should be carefully observed. Any in- 
formation regarding the pathology or condition of the region or regions to 
be examined will usually prove helpful, and the time for which the part can 
be held in a comfortable, steady position should be noted. 

Experience will enable the radiologic technologist to judge by the physique 
of the patient the location of the organs, especially those of the abdomen, 
and particularly the gallbladder, stomach, and colon. The technologist 
should understand tne four distinct subject types of body habitus (Figure 
10.2)—hypersthenic, sthenic, asthenic, and hyposthenic; and in skull radiog- 
raphy (Figures 10.3 to 10.5), he should understand the three types of skulls — 
brachycephalic, dolichocephalic, and mesocephalic (Figure 10.6). Atypical 
skulls will, depending upon their shape, require more or less rotation of 
the head, or an increase or decrease in the angulation of the central ray. 
In the brachycephalic skull, which is short from front to back, broad from 
side to side, and shallow from vertex to base, the internal structures are 
higher with reference to the baseline and the long axis is more frontal in 
position. In the dolichocephalic skull, which is long from front to back, 
narrow from side to side, and deep from vertex to base, the internal struc- 
tures are lower with reference to the baseline and the long axis is less frontal 
in position. Asymmetry of a skull should also be considered, but if the tech- 
nologist will adhere to the fundamental radiographic baselines and rules of 
positioning, he will encounter little difficulty. Care and precision should 
always be used, and the use of a protractor or cardboard angles will be 
tremendously advantageous in producing standardized results. The meso- 
cephalic or so-called normal skull is more or less oval in shape, being wider 
behind than in front. The average skull measures approximately 15 cm. in 
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Figure 10.2. Subject types. 


the lateral position, 19 cm. in the anteroposterior position, and 22 cm. in 
the mentovertex position. Skulls vary in size and shape with both sex and 
race, so that there is a variation in the position and relationship of internal 
parts. Internal deviations from the normal are usually indicated by the ex- 
ternal deviations, and so can be estimated with a reasonable degree of 
accuracy. There is a4-cm. difference between the lateral and anteroposterior 
measurements of the normally shaped skull. Any deviation from this rela- 
tionship indicates a change in relationship of the internal structures which, 
if more than a 5° change, must be compensated for by either a change in 
rotation of the part or the angulation of the central ray. 


THE FACTOR OF MOTION 


Certain radiographic examinations—of infants and children, emergency 
radiography, bedside cases, and all technical procedure, if it is to be suc- 
cessfully utilized—must be based upon the ability of the patient to hold 


= 
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Figure 10.4. The skull. 
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Figure 10.5. Basic localization points and planes. 


still or the ability of the x-ray technologist to immobilize the patient success- 
fully. It is of utmost importance that the x-ray technologist thoroughly 
understand the four prime factors in the production of a radiograph. If he is 
to acquire skill in his work, he must develop a keen sense of judging how 
long the patient or part will remain still, the ability to immobilize the part in 
such a way as to preclude the possibility of motion, and the ability to make 
the necessary changes in any of the four prime factors involved in order to 
attain a radiographic film of the highest quality. From the radiographic 
standpoint, motion may be classified into two groups: (a) physiological or 
involuntary and (b) accidental or voluntary. Physiological motion is ordi- 
narily respiration, heart action, spasm, or tremor. Accidental motion refers 
to general body movement. Of these two forms of motion the latter may be 
more readily controlled. The former can be controlled by employing high 
milliamperages and short exposures. If high-contrast films are desired, 
the time of exposure should be as long as possible with the kilovoltages 


Figure 10.6. The three types of skulls. 





Brachycephalic Mesocephalic Dolichocephalic 
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re 10.7. Radiograph of the cervical spine show- Figure 10.8. The patient of Figure 10.7 in correct 
improper positioning of the patient and motion. position. 


comparatively low. Obviously, the employment of a low penetration or Kv.P. 
necessitates the use of an increased amount of milliampere seconds. 

In order that results of the highest quality may be obtained it is necessary 
to know which of the just mentioned causes of motion should be considered 
for each part. For example, radiography of the chest does not require that 
the time of exposure be based upon peristalsis, such as is found in the 
stomach and intestines. The three most common causes of motion in radi- 
ography of the chest are respiration, heart action, and accidental motion. 
Of the three, heart action ordinarily receives first consideration, since it is 
generally considered the most difficult to control. Were it not for the problem 
of motion due to the heart, obviously the time of exposure could be based 
either upon how long the individual can hold still, or upon the length of time 
the breath can be held. The normal cardiac cycle being approximately 70 
beats per minute, one should try to utilize exposure factors of '/,) second or 
less. 

If the region is the stomach, peristalsis and respiration— principally peri- 
stalsis—are the usual forms of motion to control. Generally speaking, ex- 
posure values for this part range from '/;, second to '/, second. 

With certain types of injuries, muscle spasms, or tremors the possibility 
of successful immobilization is minimal. In such cases, the time of exposure 
may vary considerably. 

Fixed or high kilovoltage techniques can be used to an exceptional ad- 
vantage in the above-mentioned group since they make use of higher than 
usual kilovoltage and relatively short exposure. 


Positioning and measuring 


Proper positioning (Figures 10.7 and 10.8) of the patient guarantees that 
definite anatomical structures will be projected into the active radiographic 
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field, while proper measuring of these structures determines the necessary 
x-ray energies to be selected to allow the best diagnostic evaluation. Du- 
plicate diagnostic densities are possible only when all technologists posi- 
tion and measure the anatomical structure under consideration in the 
same manner. 

Generally speaking, the measurement in centimeter depth for any particu- 
lar structure is along the line of centrally projected radiation. The part to be 
radiographed should always be measured by calipers. Do not simply measure 
to cassette or tabletop; do not make the mistake of computing the measure- 
ment of an A.P. lumbar spine by measuring depth to tabletop when the spine 
does not rest on the table. 

Sometimes certain anatomical structures present a variable contour. In 
certain P.A. chest radiography, for instance, an average between the normal 
measurement and that of the deepest part to be projected into the active 
field must be considered. In other instances, like the A.P. lumbar, the meas- 
urement is indicated at a point 2'/, inches below the sternum or the lower 
margin to the anterior ribs, while the central ray is localized over the umbili- 
cus. These exceptions must be carefully studied in order to guarantee satis- 
factory end results. 

The application of compression bands may cause a considerable change 
in thickness of the part to be radiographed. Measurements should be made 
after the patient has been placed in position for the exposure. 


TISSUE ABSORPTION 


The x-ray-absorption characteristics of tissues are unpredictable, for it is 
difficult to estimate their physiologic or pathologic state even with some 
measure of experience. It is not practical to try to establish these variables 
on a precise mathematical basis. If the exposure system provides enough 
latitude for possible errors made in compensation, and the same body part 
is being considered in a given projection, a fairly close approximation may 
be attained. In the majority of cases, small deviations from the normal in 
tissue density or thickness can be ignored, but recognizable abnormal con- 
ditions of the body must be compensated for by adjustment of the variable 
exposure factor selected. 


Classification of tissue 


By classification of tissue, we refer to the relative radiolucency of different 
types of tissue—emaciation, superfluous flesh, muscle, and normal flesh. In 
bone radiography, atrophy from age, disuse, or disease must be considered. 
In examinations of the thorax the type of patient, age, amount and con- 
sistency of tissue, and amount of air in the lungs are determined by the struc- 
tural type of the individual. Obviously, the consistent production of high- 
quality radiographs would be comparatively uncomplicated if all tissue had 
identical opacity to x-radiation. A technologist could rely on a caliper to 
measure the centimeter thickness of the part to be radiographed and then 
compensate in exposure factors according to a predetermined scale. But 
patients cannot be classified by thickness of part alone. Type of tissue and 
pathology are important factors in setting up the proper exposure techniques 
(Table 10.1). 
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In a general way, patients may be classified as easy to penetrate, normal, 
or hard to penetrate. Easy to penetrate are the young, the aged, the under- 
developed, and those suffering destructive pathology. Normal are those of 
medium age and average development. Hard to penetrate are the muscular 
and those suffering ‘additive pathology’ (see Table 10.1). 


Table 10.1 PENETRABILITY TO X-RAYS OF PATHOLOGY 
OF BODY SYSTEMS 


SKELETAL SYSTEM 


Additive (hard to penetrate) 
Acromegaly 
Acute kyphosis 
Charcot joint 
Chronic osteomyelitis (healed) 
Exostosis 
Hydrocephalus 
Marble-bone 
Metastasis 
Osteochondroma 
Osteoma 
Paget's disease 
Proliferative arthritis 
Radiation fibrosis 
Scar-bone 
Sclerosis 


Destructive (easy to penetrate) 
Active osteomyelitis 
Active tuberculosis (Beck’s sarcoid) 
Aseptic necrosis 
Atrophy — disease or disuse 
Blastomycosis 
Carcinoma 
Coccidiomycosis 
Cystic conditions 
Degenerative arthritis 
Ewing's tumor (children) 
Fibrosarcoma 
Giant cell sarcoma 
Gout 
Hemangioma 
Hodgkin's disease 
Hyperparathyroidism 
Leprosy 
Metastasis 
Multiple myeloma 
Neuroblastoma 
New bone (fibrosis) 
Osteitis fibrosa cystica 
Radiation necrosis 
Senile osteoporosis 
Solitary myeloma 
Syphilis (gumma) 


RESPIRATORY SYSTEM 


Additive (hard to penetrate) 
Actinomycosis 
Arrested tuberculosis (calcification) 





Atelectasis 
Bronchiectasis 
Edema 
Empyema 
Encapsulated abscess 
Hydropneumothorax 
Malignancy 
Miliary tuberculosis 
Pleural effusion 
Pneumoconiosis 
Anthracosis 
Asbestosis 
Calcinosis 
Siderosis 
Silicosis 
Pneumonia 
Syphilis 
Thoracoplasty 


Destructive (easy to penetrate) 
Early lung abscess 
Emphysema 
Pneumothorax 
Tuberculosis (active) 


CIRCULATORY SYSTEM 


Additive (hard to penetrate) 
Aortic aneurysm 
Ascites 
Cirrhosis of liver 
Enlarged heart 


Destructive (easy to penetrate) 
Gout 
Leukemia 


GASTROINTESTINAL SYSTEM 


Destructive (easy to penetrate) 
Bowel obstruction 
Malignancy 


SOFT TISSUE 


Additive (hard to penetrate) 
Edema 


Destructive (easy to penetrate) 
Emaciation 
Pendulous breast 
Pneumoperitoneum 
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To compensate for tissue differences in the small, medium, and large 
patient, one may use Classifications of A, B, and C. A would represent the 
thin and emaciated patient, B the normal or medium patient, and C the large 
or muscular patient. For A, B, and C classifications, milliampere-seconds 
values are given; for example, in the lateral radiography of the three types for 
lumbar spine, each measuring the same thickness, A would require less 
milliampere seconds and C would require more milliampere seconds than 
the B patient. It is apparent that if the same peak kilovoltage and the same 
milliampere seconds were given all three patients, the A patient's radiograph 
would be overexposed while the C patient's would be underexposed. 


Thickness of part 


A variation in thickness of extremities should not cause a great deal of 
difficulty; it is easier to compensate for variations here than in working with 
the heavier parts. If the object being radiographed is an ankle swollen to the 
size of the average knee, then the knee technique should be used; if the in- 
dividual is of such size that the normal ankle is the size of the average knee, 
the same thing holds true. The radiologic technologist with limited experi- 
ence should spend considerable time in studying the thicknesses of the part 
which is being radiographed; with added experience his errors due to poor 
judgment of the thickness of the subject will, of course, be reduced. Varia- 
tions in thicknesses and size of the pelvis, kidney, lumbar spine, etc., are 
much more difficult to judge even for the experienced technologist. When a 
lack of uniformity exists in the routine radiographs produced in the depart- 
ment, it is usually with the heavier parts of the body. When the subject to be 
taken is unusually large, there is a tendency on the part of the technologist 
to use too much penetration. 

A film which is too light in radiographic density, but which has received 
full development, or a film too dark in radiographic density after full develop- 
ment, at once tells the radiologic technologist that the energy used has been 
either insufficient or too much. In either case it is relatively simple either to 
increase or to decrease the energy for the next radiograph. The experience 
gained from such a procedure will be far more valuable when the next heavy 
patient is to be radiographed than the experience gained from employing 
too much energy and improper processing. 

It must be realized by every technologist, however, that the thickness of 
any body part is not an index of its physiology or its x-ray absorption quali- 
ties, and cannot be employed per se as an authoritative index of the radio- 
graphic density desired to be produced. 


THE CHEST 


The chest is less dense to x-rays than any other part of the body of the 
same thickness. The soft tissues and bones of the thoracic wall are like simi- 
lar structures elsewhere, but air in the lungs reduces the average density to 
a marked degree. 


Children and infants 


The chests of adults of different thicknesses are of approximately the same 
radiographic density. If a given thickness of the thorax of a child, however, 
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a 


ire 10.9. Chest with Hodgkin's disease, given Figure 10.10. The chest of Figure 10.9, with the cor- 
nal exposure. rection of an added 5 Kv.P. 


is compared to a similar thickness of the thorax of an adult, the average 
density to x-rays of that of the child is considerably greater than that of the 
adult. This is most marked in infants and gradually decreases as age ad- 
vances. 


ire 10.11. Chest with fluid, given normal ex- Figure 10.12. The chest of Figure 10.11 with the cor- 
ure. rection of an added 5 Kv.P. 
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Figure 10.13. Plus 40 per cent correction factor for 
Paget's disease 





Figure 10.14. The same correction factor as for f 
ure 10.13. 


This greater opacity makes necessary a special exposure technique for 
films of the chest of infants and children. 


Types of thoracic cavities 


Radiography of the thoracic cavity and lungs requires more attention and 
care than that of any other body group. Results will depend largely upon 
classification of patients into proper groups. There are several types of pa- 
tients, and the judgment of the technologist is of great importance. 


Heavy chest type. This class represents a type of individual having a heavy, 
dense muscular frame and normally assumes a plus percentage correction 
factor, depending upon tissue density. Women with very heavy frame and 
very large breasts should be placed in this group. 


Thin chest type. Such patients are generally recognized when they are 
properly positioned against the cassette changer with their shoulders and 
arms thrown forward, because of protruding scapulae and lack of flesh. A 
minus percentage correction factor is necessary. (Some average patients of 
normal build will be found with scapulae extending beyond the normal 
measure.) 


Very thin type. This individual is the barrel-chested type with below normal 
flesh, generally having good expansion, where the thoracic cavity represents 
practically the entire depth of the thorax. Such patients need a reduction in 
energy, generally through the manipulation of Ma.S. to a point considerably 
below that proper for a normal chest. 


Pathology. The technologist should obtain specific information from the 
request slip with respect to suspected pathology so as to be able to apply 
positive percentage correction factors (Figures 10.9 to 10.20). 
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gure 10.15. Lateral view of skull with hyperpara- Figure 10.16. The skull of Figure 10.15, with a minus 
yroidism, with normal exposure. 30 per cent correction in Ma.S. 





gure 10.17. Lateral skull with hydrocephalus; plus Figure 10.18. The skull of Figure 10.17 with a minus 
| per cent correction in Ma.S. 30 per cent Ma.S. correction for hydrocephalus and 
an air study on the same patient. 





gure 10.19. Posteroanterior view of hands, with a Figure 10.20. Lateral skull of a child with hydro- 
inus 30 per cent correction in Ma.S. for gout. cephalus, with a plus 30 per cent correction factor. 
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VARIABLE KILOVOLTAGE TECHNIQUE CHART—TYPE ONE 


Select an individual or phantom of average size and start with any group 
of parts of similar density. 

The lateral skull will be used as our starting point. Measure the subject in 
the lateral projection. On the average, this measurement will be 15 cm. Multi- 
ply the centimeter thickness by 2 and add the figure 30 to the product. In this 
manner we arrive at the figure 60, our base kilovoltage. In other words, a 
15-cm. lateral skull would require 60 Kv.P.; a 16-cm. skull would require 62 
Kv.P.; a 14-cm. skull would require 58 Kv.P. 

Select the milliampere seconds thought to be most appropriate for this 
group. 

Select the focus-film distance and a cone which will restrict radiation to 
the part. 

The technical factors we will use, then, are: 


Focus-film distance 36 inches 


Bucky 8-to-1 ratio 
Cm. 15 
Kv.P. 60 


Figure 10.21. Lateral views of a skull. A, the initial 
film, an overexposure. In B, the Ma.S. was reduced to 
half to compensate, and the result is an underexpo- 
sure. In C, the Ma.S. was adjusted to give a correct 
exposure by using the average Ma.S. for the two pre- 
ceding Ma.S. values. 
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Figure 10.23. Lateral view of a mastoid, with cylinder 
cone at a 30-inch focus-film distance. 





re 10.22. Posteroanterior view of the skull. 


Ma.S. 100 
Cone To Part 


Place the subject in the lateral skull position and make an exposure em- 
ploying the above factors. Develop the film according to standard time- 
temperature or automatic processing; inspect under standard illumination. 
If the film is overexposed (see Figure 10.21A) reduce the Ma.S. by one-half 
and repeat (see Figure 10.21B). If this film is underexposed, repeat, going in 
between 100 and 50 Ma.S. and use 70 or 75 Ma:S. (see Figure 10.21C). 

If this meets our standards we now have a working technique as follows: 


Region: Skull Time: */,o 
Position: Lateral Ma.S.: 70 
Cone: V-10 Dist.: 36 
Ma.: 100 Bucky: Yes 


Smale 14 to 16° 17 18 19 20 21 22 23 
Kv.: 56 58 60 62 64 66 68 70 72 74 76 


These factors will hold for the entire skull group. See the following figures: 
10.22, P.A. skull; 10.23, lateral view of mastoid with a cylinder cone but ata 
30-inch focus-film distance (because of the added absorption of the cylinder 
cone); 10.24, Stenver’s at 30 inches; 10.25, optic foramen at 30 inches; 
10.26, P.A. mandible at 30 inches; 10.27, Caldwell at 30 inches, using Bucky. 

Consult also Figure 10.28, a child’s skull with a reduction in Ma.S. accord- 
ing to the age correction table, page 175, and Figure 10.29, an infant’s skull, 
also with a reduction in the Ma.S. according to the age correction table. 

The above procedure is followed throughout the entire chart for each 
group of parts of similar density. 
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Figure 10.24. Stenvers view at 30 inches. 





Figure 10.26. Posteroanterior view of the mandible Figure 10.27. Caldwell view at 30 inches, using 
at 30 inches. Bucky. 





Figure 10.28. Child’s skull, with reduction of Ma.S. Figure 10.29. Infant's skull, with reduction in Ma.S. 
according to the age correction table. according to the age correction table. 
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ure 10.30. Three radiographs of the knee, all at 
Ma.S. View A is taken at 52 Kv.P., B at 56 Kv.P., and 
t 48 Kv.P. 





The next step is to apply our Ma.S. correction factors for the adult patients 
who are above or below normal. This correction is based on a 30 per cent 
change in Ma.S. In other words, we would add 30 per cent to our base or 
normal Ma.S. for patients who are above normal, and decrease our Ma.S. 
by 30 per cent for patients who are below normal. 

A 30 per cent change in Ma.S. will cause an increase or decrease in den- 
sity. See Chapter 7, above, Figure 7.8, normal exposure; Figure 7.9, 30 per 
cent below normal: Figure 7.10, 30, per cent above normal. 

For infants and children, with the exception of the chest, we can use the 
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Figure 10.31. Radiograph of the knee, with Bucky, at Figure 10.32. Radiograph of the knee, with Buc! 
52 Kv.P. and 30 Ma.S. at 72 Kv.P. and 10 Ma.S. 


age correction table (p. 175) to obtain the correct Ma.S. and then simply 
measure the part and use the Kv.P. as listed under the Cm.-Kv.P. scale. A 
possible exception to this would be the lateral thoracic and lumbar spine. 

For uncooperative patients, simply convert the Ma.S. to a higher Ma. value 
and a faster time. Use the time-milliamperage formula below. Example: 
change a 2-second exposure at 50 Ma. to '/, second. 


MieM Secale 
Oar S2 Wee 
xX = 100 


x = 200 = new Ma. for '/, second 


Extremity group 


Let us select the knee to start this group. Select the Ma.S. you want to use. 
In this case we want to use 10 Ma.S. We have a choice of Ma. and time values: 


100 Ma. at '/,) second = 10 Ma.S. 
200 Ma. at '/,, second = 10 Ma.S. 
300 Ma. at '/,, second = 10 Ma.S. 


Since the 100-Ma. station is on the small focus, let us select 100 Ma. at 
'/,) second, a 36-inch focus-film distance and par-speed screens. 

Measure the knee in the A.P. projection and add the figure 30. In this case 
the knee measures 11 cm.; therefore 2 x 11 = 22, 22 + 30 = 52. This is our 
base Kv.P. 

To save time, let us expose the knee at 52 Kv.P. (Figure 10.30A), another 
exposure at 4 Kv.P. more (Figure 10.30B), and another exposure at 4 Kv.P. 
less (Figure 10.30C). 

All three films should be developed at standard time-temperature proc- 
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re 10.33A. Lateral view of foot and ankle at 5 Ma.S Figure 10.33B. Same view as in A. but at 10 Ma S. 


essing and then placed on the illuminator for evaluation. Suppose we select 
film number 1 (see Figure 10.30A). We now can insert 52 Kv.P. under 11 cm. 
on our scale. 

If we wish to obtain more contrast and better detail we can go to a Bucky 
technique. We have a choice in how we make our compensation. For high 
contrast we can treble the Ma.S., which would be 30 Ma.S. All other factors 
remain the same (see Figure 10.31). Or if we wish to have better penetration 
and a reasonable amount of contrast, we add 20 Kv.P. and use 72 Kv.P. (see 
Figure 10.32). All other factors remain the same. 


Extremity group: alternative method 


Example: It is desired to formulate the extremity technique. Let us select the lateral foot and ankle 
and an Ma.S. factor that does not work out on the first exposure. To find our Kv.P. we would use 
2 times the thickness of the part (2 x 7 = 14) plus 30, which gives 44 Kv.P 


Cm.:7 Cone: To film 

Kv.P.: 44 Film: Regular 

Dist.: 36 inches Screens: Medium 

Ma.: 100 Development: Automatic 
Time: "/s5 Bucky: No 

Ma.S.: 5 


Expose the part using the above factors (see Figure 10.33A). Upon inspection of the finished radio- 
graph we find we have penetrated the part but have insufficient density. Expose a second film with 
an increase in Ma.S., since Ma.S. is the controlling factor for density. The second radiograph ex- 
posed at 10 Ma.S. (see Figure 10.33B) is of the desired quality. Figures 10.34A and B show the 
same procedure carried out with dried bones of the foot 


Cm.: 7 Cone: To film 

Kv.P.: 44 Film: Regular 

Dist.: 36 inches Screens: Medium 

Ma.: 100 Development: 5 minutes at 68° 
Time: '/,, second Bucky: No 

Ma.S.: 10 


By adding 2 Kv.P. per centimeter thickness to the base kilovoltage of 30, our extremity chart would 
be: 


Ma.: 100 Time: ‘/\o Distance: 36" Screens Bucky: No. Cone: To Part 
Cm. Coa 6 9 10 11 eels 14 15 
Kv. 34 36 38 40 42 44 46 48 50 52 54 56 58 60 
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Figure 10.34. Views of bones of the foot (dried): A, at 
40 Kv.P. and 1.2 Ma.S.; B, at 40 Kv.P. and 2.4 Ma.S 


To compensate for children and infants, we would use the age correction table, p. 175. 


VARIABLE KILOVOLTAGE TECHNIQUE CHART—TYPE TWO 


Because of the numerous variable factors in radiography it is often neces- 
sary to make two or three exposures of a part to secure the best results. 

After processing the film under standard conditions, one should study the 
radiograph on a standard illuminator; if underexposed, the Ma.S. should be 
increased for the next exposure; if dense and black from overexposure, 
reduce the Ma.S. by one-half. If gray and flat from overpenetration, reduce 
the Kv.P. from 10 to 15 Kv.P.; or ‘‘chalky,”’ increase the Kv.P. from 10 to 15 
Kv.P. Further fine adjustments in Kv.P. or Ma.S. can then be made in order 
to give you the type of radiograph you wish. 

With variable kilovoltage technique the kilovoltage is varied for tissue- 
thickness measurements of all subjects and classes which are composed of 
structures with similar thickness and density and are divided into groups. 


1. Extremities 6. Lateral thoracic 

2. Skull 7. Chest 

3. Sinuses 8. Gastrointestinal tract 
4. Trunk and pelvis 9. Lateral cervical spine 


5. Lateral lumbar 


The various parts included in each major group will vary in required Kv.P.; 
i.e., a shoulder and lateral skull of the same thickness will require different 
Kv.P. or Ma.S. In addition, patients are divided into the following classifica- 
tions: A, B, and C, with B representing the normal patient, A less than normal, 
and C greater than normal. By using these classifications we are able to 
compensate for the emaciated, normal, and muscular patients as well as for 
atrophy and disease. 
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ie 
a dry cast (an added 10 Kv.P.). 


By the grouping of parts, we balance the Ma.S. and Kv.P. The next step is 
to select the type of technique which will produce the quality of film desired 
by the radiologist. If the selection is made for high contrast (short-scale), 
the Kv.P. is low and the Ma.S. high. If the choice is for a radiograph with 
wide latitude and long-scale contrast, the Kv.P. will be higher and the Ma.S. 
lower. 

There is a balance between Ma.S. and Kv.P. which must stay within reason- 
able limits. If the Ma.S. for a heavy part (lateral skull) is employed with a small 
part (knee) and the Kv.P. reduced to avoid total blackening of the film, high 
contrast results. Conversely, if one uses an exposure (Ma.S.) suitable for a 
small part on a heavy part and increases the Kv.P., extreme flatness results 
and the scale of contrast is too long. 


Effective Kv.P. 


Effective Kv.P. refers principally to the lowest possible Kv.P. with which a 
part can be penetrated. This minimum penetrability has almost as many 
variations as there are different types of machines and tubes. That is to say, 
some machines or tubes are more effective at a given Kv.P. than others; so 
it is impractical to set up a Ma.S. and Kv.P. balance and regard it as standard 
the world over. 


Direct exposure 


This particular type of technique is restricted in application to the small 
parts of the body and further restricted by the thickness of the parts them- 
selves. This limitation can be explained by the fact that a normal amount of 
contrast and detail is necessary for bone radiography and beyond a certain 
thickness of tissue, this is a hopeless task with direct exposure, i.e., card- 
board holder with non-screen or regular film. 

There are times when one will encounter conditions which make card- 
board exposures impractical. These instances are usually: 
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. Necessity for increased contrast or parts thicker than 12 centimeters. 
. Necessity for increased contrast of thick muscular parts. 

. Presence of a plaster cast. 

. Necessity for increased speed of exposure. 

. Type of processing to be employed. 


mooOQWd> 


When these or comparable conditions present themselves, it is advisable 
to use screens. When screens are used, one must compensate for the in- 
creased speed by deducting Ma.S. For the proper reduction in Ma.S., one 
must know the speed ratio between screens and direct exposure. This will 
depend, of course, on the kind of screens being used. For example the ratio 
for par-speed screens to direct exposure (employing non-screen film) is 5 
to 1; therefore if we have been using 50 Ma.S. for non-screen work, we would 
use 10 Ma.S. with screens, all other factors remaining the same. If we were 
using screens and 10 Ma.S. and went to non-screen film, we would use 50 
Ma.S., all other factors remaining the same except processing. Non-screen 
film can be processed only by manual processing; it is not to be used with 
automatic processing. 


Plaster cast 


Convert to screens and add 10 Kv.P. for a dry cast and 15 Kv.P. for a wet 
cast (Figure 10.35). 


RADIOGRAPHIC GUIDE: VARIABLE KILOVOLTAGE TECHNIQUE 


It might seem rather difficult to follow charts with stated factors since it is 
commonly known that all machines will vary to a certain extent. It must be 
understood that the purpose of any chart in this book is to serve as a guide 
so that when one part has been satisfactorily adapted to existing conditions, 
all other parts of the same group will require the same corrections. 
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Cone———— Videx Age Correction Factor 

C-Cone Cylinder Age Factor, x adult Ma.S. 
Film——————Regular Birth to 3 months ae 

Screens Medium 3 months to 2 years 3 
Bucky———8-to-1 2 years to 5 years 4 
Tube—————Rotating Anode 5 years to 7 years 5 
Development— Automatic 7 years to 12 years 6 






Example: |f adult Ma.S. is 80, then the correct 
Ma.S. for a 3-year-old child is 80 x 4 = 32 Ma.S. 
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T 


Region Position 


.| tance | Bucky 















Cervical AP. 





Cervical 





36 yes 








Dorsal 





Lumbar 















— 


Pelvis 


K.U.B. 














Gallbladder 

















non-screen 























Bucky 








Position Cone} Ma. | Time 






Oblique 


Ma.S. 


Region 
2 (2 eae 








Lateral 









Special Lateral Exposure 


See 


Lateral 





Lumbar 





pase oe | ake ald 


tance | Bucky 












KV. 


Ma.S. 
A—minus 30% 
B—normal 
C—plus 30% 


fehl fell =fefae 
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Mas. 
A—minus 30% 
B—normal 
C—plus 30% 


34 36 38 |40| a 44 
Ma.S. 
A—minus 30% 
B—normal 
C—plus 30% 


Stomach and Colon 
















21/22 
88 90 


31 
92 


P.A.—Oblique—Lateral Ma: 200 Distance: 36 Bucky: yes 
(lines “ale, aie alr/ C.M.: 18 19 20 
K.V.: 86 88 90 K.V.: 82 84 86 
Time: “Vio Time: ‘/, 
Cm.: 23 24 25 26 27 CIM: 28) 29730 
K.V.. 82 84 86 88 90 KV.: 86 88 90 
Time: *%/, Time: '/, 






kv. [26a] 66 | 68 70] 72| 74) 76 75] 00/6 


ae = 21 22| 23| 24 25 





Ma.S. 
A—minus 30% 
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C—plus 30% 
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A—minus 30% 
B—normal 
C—plus 30% 














oracic 
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Position 





Region 








Lateral 














Mentovertex 





Occipital 





Stenvers 





Petrous 









Mastoid 





Waters 














“ 0 
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100 
100 














50 
300 
300 















100 1 
100 1 














Shoulder 














Sternum 










Lateral 


P.A. 
Decubitus 


8 
8 5 7 
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Gallbladder 








177 


FORMULATING X-RAY TECHNIQUES 


Upright 


Lateral 












Pelvimetry 












See below: use barium filter 








Position 


Sinuses, Lat. 














Fror.tal 





Maxillary 





Sphenoid 























Chest, P.A 





Chest, Oblique 







Chest, Lateral 


Chest, P.A., Grid 








Chest Obl., Grid 





Chest Lat., Grid 
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31 | 
88 


32) ||_ 


90 








Ma. 


Dist. 


Bucky 











Stomach P.A,, Obl. 





Stomach Serial 





200 


200 












Stomach Spot Film 





photo 








18 





19 





20 | 21 


86 | 88 














ye 






Note: This type chart is formulated by 2 times the part plus 30. The Ma.S. has been corrected 
for each group except the chest. The chest, as well as the lateral thoracic spine, has a Kv.P.—Ma.S. 


balance of its own 


SPECIAL EXPOSURE 





Lateral Dorsal Spine 


MA: 50 Time: 3 sec. 
CM: 23 24 25 26 
KV: 52 54 56 58 


Infant Chest 

MA: 50 Time: '/,, Dist.: 36” 
CMe Oo) 10 iil) 1213 
KV: 44 46 48 50 52 54 
Oblique: add 6 Kv.P. 

Lateral: add 10 Kv.P. 


2728 


Dist: 36” 


Bucky: yes 
29' 30 31 


Bucky: no 
14 #15 
56 58 


32 33 


60 62 64 66 68 70 72 





Child’s Chest 


Time: '/,, Dist: 72" Bucky: no 
CME 2 We) 14h iG i718 

KV: 54 56 58 60 62 64 66 
Oblique: add 6 Kv.P 

Lateral: add 10 Kv.P. 


MA: 300 


Placenta— Lateral 

300 Ma.S. 36” Dist. 

Small: 60 Kv.P. Medium 65 Kv.P. 
Large:70 Kv.P. 





The Kardex type technique chart (variable kilovoltage) is shown below. 














Part: Skull Position: Lateral 
Remarks: 
Ma. Time Dist. Bucky Cone Film Screen Cardboard 
100 oa 36 yes V-10 10 x 12 | par | no 
Cm. 13 14 15 16 m4 18 
Kv. 56 58 60 62 64 66 
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Figure 10.36. Close subject-tube distance techniq 
posteroanterior view of a sternum at 50 Ma.S. anc 
Kv.P.; distance 30 inches, cone to part, 8-to-1 g 
medium screens. 





‘ 


«i A 


CLOSE SUBJECT-FOCUS-FILM DISTANCE TECHNIQUE 


Under certain conditions a short focus-film distance, i.e., focal spot 30 
inches from the subject being radiographed, will be of value (Figure 10.36). 

The short distance takes advantage of the wide divergence of the x-rays. 
The close position of the tube or focal spot causes blurring of the super- 
imposed parts distant from the film, while the part to be radiographed, being 
in close contact with the film, still remains sharply outlined. This technique 
can be used in radiography of the sternum in the P.A. oblique position, the 
temporomandibular joint, and differentiation of gallstones and kidney 
stones. 





EXPOSURE NOMOGRAMS FOR POLAROID TLX FILMS 


Directions for use: Figures 10.37 and 10.38 are nomograms based on orig- 
inal experimentation done at the Duke University Medical Center and at the 
Polaroid Corporation. These nomograms may be used with any medium- 
speed film. 

Take a clear plastic ruler and place it across the column headed KV at the 
point that represents the kilovoltage you are now using for routine radiog- 
raphy. Connect this point with the point in the third column (headed Wet 
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0.37. Nomogram relating Polaroid TLX exposures to tech- WET PROCESS MAS 
eveloped for regular film and high-speed screens. 
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Process MAS) representing the Ma.S. you are now using. The point where 
the ruler crosses the second column represents the new Ma.S. to be used 
with Polaroid TLX film. 


Example: With regular film and high-speed screens a technique calls for 60 Kv.P. and 100 Ma.S 
Following the above directions we would use 30 to 33 Ma.S. with Polaroid TLX film. 


181 


FORMULATING X-RAY TECHNIQUES 


Figure 10.38. Nomogram relating Polaroid TLX exposures to tech- WET PROCESS MAS 
niques developed for regular film and par-speed screens. 
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10.39. Conversion curve of density vs. kilovolts. 100 


RELATIVE MAS. 





40 50 60 70 80 90 100 I10 120130 
Kv.P 


TECHNIQUE CONVERSION TO HIGHER VOLTAGE RANGE 


The graph of Figure 10.39 shows a conversion curve based on visual den- 
sities obtained of radiographs throughout the range of 40-130 kilovolts. 
With the conversion curve, it is possible to determine the change in milli- 
ampere seconds for any desired kilovoltage, or the change in kilovoltage for 
any given change in milliampere seconds. Conversion would be made, of 
course, from any radiograph which produced the satisfactory degree of 
density in the normal voltage range. There are two Curves on the chart—one 
with a solid line and one with a dotted line. The solid line represents constant 
density throughout the voltage range. However, a slight decrease in density 
can be tolerated if penetration is adequate with a considerable gain in radio- 
graphic contrast; this is represented by the dotted line. 


Equation 


Relative Ma.S. at new Kv.P. _ new Ma.S. 
Relative Ma.S. at old Kv.P. old Ma.S. 


Problem 1: Suppose a lateral skull radiograph is made using the following factors: 20 Ma.S. and 
70 Kv.P. It is desired to change to 5 Ma-S. Find the new Kv.P. 
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Step 1: Determine the relative Ma.S. at starting Kv.P. This, on the graph, is 4.5. 
Step 2: The relative value (4.5) is inserted into the equation so that the equation now reads 


Relative Ma.S. at new Kv.P. _ new Ma.S. 





4.5 old Ma.S. 


Step 3: The stated MaS. factors in the problem are inserted into the equation and x is used for 
the unknown, so that our equation now reads 


Zo 


45 20 
Step 4: The problem is solved (ratio and proportion): 
20x = 22.5 
x = 1.125 = relative Ma.S. at new Kv.P. 


Step 5: This new relative Ma.S. value (1.125) is located on the curve and the new Kv.P. will be 
found directly below, on the longitudinal axis of the graph, which is in this example, 
100 Kv.P. 


Problem 2: Suppose we have a technique using the factors 200 Ma.S. and 70 Kv.P.; we wish to use 
110 Kv.P. What would the new Ma.S. factor be? 


Step 1: Using the equation that precedes Problem 1 and the conversion curve, the relative 
Ma.S. at the new Kv.P. will be 0.8, so the formula will read 


0.8 _ new Ma.S. 
Relative Ma.S. at old Kv.P. old Ma.S. 





Step 2: Relying on the conversion curve, the relative Ma.S. at old Kv.P. will be 4.5, so the equa- 
tion now reads 


8 new Mas. 


O16 whewMals: 
45 old MasS. 
Step 3: The stated Ma.S. value of 200 is now inserted into the equation: 


0.8 new Ma.s. 
200 


> 
a 


Step 4: x is inserted to replace new Ma.S., and the equation is solved: 


0.8 x 
45 200 
5.5x = 160 


x = 35.5, the new Ma. S 


CHARTING RADIOGRAPHIC EXPOSURE 


It may be desirable to formulate an exposure chart by charting exposure 
on agraph and then transferring the desired technique to a permanent place 
in the control stand. Usually it is best to have one variable factor and keep 
the others constant. Either the voltage or the time of exposure (Ma.S.) is most 
often varied. 

As an illustration, suppose a chart is to be made for the lateral lumbar- 
sacral spine. We should first refer to the capacity of the x-ray unit and also 
the tube rating chart. 

Let us select the following factors: 


Focus-film distance: 36 inches 
Screens: par speed 
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Milliamperage: 100 
Cone: to part 
Processing: standardized 
Kv.P.: 85 


For the chart, take a sheet of graph paper. Mark along the left margin the 
exposure time in seconds. At the bottom of the chart, mark the thicknesses of 
the patient in centimeters. When the first patient is radiographed, measure 
the thickness of the lumbar spine in the lateral position, select the exposure 
time thought to be most appropriate to the thickness, and make a dot on the 
chart at the intersection of the exposure time and thickness. Process the film 
under standard processing procedure, study the film for detail and contrast 
with the illuminator which is to be used for interpretation. If the radiograph 
thus produced is found to be satisfactory, the dot may be checked; if found 
to be overexposed, the dot may be replaced by a plus sign; if underexposed, 
by a minus sign. 

This procedure should be followed until several entries are made on the 
chart. Some of these will indicate underexposures and some overexposures, 
but most of them will show correct exposures along a curved line upward, 
the exposure increasing with an increase in part thickness. 

This method may be employed for special procedures or for any technique 
when charting exposures in which one factor, either the time or voltage, is 
varied according to the centimeter thickness of the part being radiographed. 
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RADIOGRAPHIC TECHNIQUE 


The early radiograph lacked density and contrast, in some measure be- 
cause of the low-power equipment and photographic plates available and 
in some measure because of the lack of knowledge of x-radiation. Regard- 
less of the length of exposure, some aftertreatment of the radiograph was 
often necessary to obtain a satisfactory image from the plates (Figure 11.1). 
It was soon realized that there must be some systematic basis for exposure 
instead of the “hunch method” of trial and error. 

As early as 1898 Rollins stated some of the desirable requirements for the 
production of a radiograph: “The wavelength depends on the potential 
[Kv.P.] and degree of exhaustion in the tube; a low potential and vacuum 
giving waves of such length as to make strong contrast between bones and 
soft tissue in the human body; a high vacuum and potential giving less con- 
trast because the shorter waves generated passed through the bones. To 
see through greater thickness and yet have marked contrast, increasing the 
amperage is recommended, thus keeping the wavelength unchanged. If 
more detail is desired in the bones, we must develop waves of shorter length; 
and when this is done by increasing the potential, the bones can be made 
bright because the light is less scattered.” 


Figure 11.1. Radiograph of the chest made on a glass 
plate. 





oe ' = Figure 11.2. Round opening versus square openir 
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ire 11.3. An early exposure chart. 
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Some five years later, in the Electrical Review of 4 April 1903, an article on 
“The Form of the Opening in the Diaphragm Plate of the X-Light Tube Box 
and a Means of Adjusting the Size of the Beam of X-Light’’ made the follow- 
ing statement: ‘The opening in the diaphragm plate of the X-light tube box 
should be rectangular for diagnostic and photographic work because this 
is the form of the fluorescent screen and photographic plate. If we use a 
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X-RAY PHYSICS 


Part. Time Part. Time 
sec. sec, 
Head, A-P 12 Hip joint 5-7 
Head, Lat. 6 Pelvis 5-7 
Neck 3 Knee 2 
Shoulder 3-1/2 Ankle 1-1/2 
Elbow 1-1/2 Lumbar spine 5-6 
Wrist il Teeth (slow film) 4 
Kidney 3-5 Teeth (fast film) 1-1/2 
Bladder 3-5 Chest (at 28') 2-1/2- 


Note: For parts above 
average thickness, increases 
time considerably more than 
in proportion to increase of 
thickness. 


Note: All exposures on 5" gap, 
40 M.A. 20" distance except 


chest which is at 28". 


Figure 11.4. Technique table based on Shearer's formula (1917) 


round opening, the section of the cone of X-light escaping from the tube box 
is a circle (Figure 11.2). It is evident that the only part of the illumination 
which will be useful will be that included in the rectangular area of the larg- 
est plate or screen. All the X-light [radiation] which strikes the patient out- 
side the rectangular area is objectionable, for it is unwise to expose a patient 
unnecessarily; besides, the excessive illumination fogs the plate.” 

By 1905, x-ray plate and equipment manufacturers were supplying expo- 
sure Charts for use with their manufactured products (Figure 11.3). The trend 
to a more standardized exposure system began to show promise. In 1916 
Professor John S. Shearer of Cornell University published a formula that 
provided a reasonably accurate means for compensating variations in factor 
change for a limited voltage range by changing any one of the four exposure 
factors. His formula, known as the photographic effect, was stated thus: 


Ma. X Kv.P.° x time 


Photographic effect = 
Oren distance? 


Professor Shearer’s formula led to the publication of a technique table 
(Figure 11.4) that was successfully employed with military units during World 
War | (1917-18). All factors except time were established as constants. 

In 1925 Jerman advocated keeping the kilovoltage constant and varying 
the time of exposure, using as a basis a 150-pound normal person. In other 
charts which followed his 1925 publications (1926-27), he recommended 
varying the kilovoltage according to the centimeter thickness of the part 
(now known as the variable kilovoltage technique). The choice of technique 
depended upon what type of tube was used, a universal broad-focus Coolidge 
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RADIOGRAPHIC TECHNIQUE CHART 


COMPUTED FOR USE WITH SUPER-SPEED DUPLITIZED FILMS 
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COVINGTON, KENTUCKY, U.S. A. 


Figure 11.5. The Keleket technique chart. 


tube or a 5—10 radiator-type Coolidge tube. Apropos of Jerman’s work, his 
contemporaries believed that his charts were based primarily on Shearer’s 
photographic effect formula. 

Prior to 1926 x-ray technique was more or less on a trial-and-error basis 
until a technique satisfactory to the radiologist was formulated. The use of 
the Potter-Bucky diaphragm or grid was just beginning, and most radiog- 
raphy was done without grids. In 1928, the Keleket X-Ray Company published 
a ‘‘new”’ type of technique chart (Figure 11.5). Early in the 1930’s the General 
Electric X-Ray Company published a conversion chart to be used in main- 
taining radiographic density by altering either the milliampere seconds, 
kilovoltage, or focus-film distance, whichever was preferred (Figure 11.6). 
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Figure 11.6. General Electric conversion chart. 


During the 1930’s Keleket’s technical expert W. W. Mowry did much to 
bring about a practical approach to radiographic technique when he pub- 
lished reliable though elaborate tables of exposure based on the thickness 
of the various body parts. He designed a machine called a Techron with 
autotransformer steps of approximately 2 Kv.P. He called these steps tech- 
rons. He next incorporated into the apparatus a selection panel of different 
fields to be examined—i.e., gallbladder, lumbar spine, dorsal spine, skull, 
extremities, and so on. In use, the anatomical field to be examined was 
measured in centimeters, and 2 Kv.P. was added per centimeter of thickness 
to the numerical value of 27, known as the base Kv.P. 

In 1931 Glen W. Files of the General Electric X-Ray Company established 
various tables of exposure using low kilovoltage and high milliampere-sec- 
ond values for adults of average build, with variations for large and small 
patients. For infants he recommended using one-fourth the exposure time 
and for children one-half the exposure time. 

In 1933 Dr. Darmon Rhinehart pursued the concept of adequate collima- 
tion: ‘‘It is not a good practice to use a beam of Rontgen rays that is much 
larger than the size of the film area being exposed.”’ Dr. Rhinehart kept an 
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Figure 11.7. Rhinehart’s square lead diaphragms. 


assortment of square lead diaphragms in each radiographic room (Figure 
11.7). A more modern version of Professor Shearer’s original formula for 
technique was published by Fuchs and used extensively with military units 
during World War Il in 1942—45 (Figure 11.8). 

In 1945 the development of the collimator and the Videx cone took the 
guesswork out of localizing and centering the part to the film. Scattered 
radiation was controlled, producing better radiographic contrast; and there 
was a reduction of radiation to the patient. The collimator exactly outlined 
the body area to be exposed before the exposure was made. 

In 1950 Dr. L. R. Sante used the formula of 2 times the thickness of the part, 
measured in centimeters, plus the numerical value of 25, for his base kilo- 
voltage. His book and technique guides were a great asset to technologist 
and radiologist alike. 

Bierman and Boldingh in 1950 proved that kilovolt potential and milliam- 
pere seconds could be related by the expression 


Exposure = Ma.S. xX Kv.P.° 


A method of putting this formula to use was published by van Dijk. In 1955 
Wynroe published the rule: To reduce the milliampere seconds by one-half, 
add 15 per cent more kilovolts at any level of kilovoltage. 

In late 1955 Fuchs published two tables (non-Bucky and Bucky) for use in 
approximating densities with milliampere seconds when using the fixed or 
optimum kilovoltage (which he originated) for any given part. These tables 
were based largely on empirical values. They were later refined (1959) to 
include more reliable absorption data, and the values were adjusted to as- 
similate the results of more extensive experiments. These data were used in 
the construction of a circular slide rule, the Kodak Kv.P.—Ma.S. Computer, 
March 1959 (Figure 11.9). 

During 1958-59 Cahoon and then Warren independently published a per 
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TECHNIC FOR SELF-RECTIFIED APPARATUS 
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Figure 11.8. The Fuchs technique of 1942. 


cent factor for reduction of exposure from the adult technique chart for in- 


fants and children. 


An interesting contribution to x-ray technique was made in 1959 by Dr. W. 
W. Wasson. His work correlated the physiologic characteristics of body parts 
with motion and the use of short exposure to secure greater image sharp- 
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Figure 11.9. Kodak circular computer. 


ness. Often during fluoroscopy of the chest Dr. Wasson noted the movements 
of the heart and great vessels. He saw that motions were transmitted to the 
bronchi and arteries and that they moved along a certain path according to 
the systole and diastole of the heart. With a pair of calipers he measured this 
path and calculated the distance that an artery and bronchus would move 
during systole and diastole. On the basis of the heart rate, he was then able 
to calculate what the speed of exposure should be in order to stop motion. 
He concluded that an x-ray exposure of the chest should be no longer than 
7,9 second. Not satisfied with '/,)-second exposures, he attempted to reduce 
the exposure to '/,, second by modifying the construction of the timer. Dr. 
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Figure 11.10. Chest of a premature infant. Figure 11.11. Air-gap chest radiograph at 125 Kv.F 





Figure 11.12. Air-gap chest radiography at 150 Kv.P. 


Wasson also saw the need for sharper images which could only be obtained 
by the use of a fine-focus tube. 

In July 1959 Mahoney made available through the Picker X-Ray Company a 
slide rule for Kv.P.-Ma.S. compensations. Prior to Mahoney’s slide rule there 
had been a similar technique, described first by Hodges and later by Reed. 
Since that time, many slide rules for technique conversions have been placed 
on the market in this country, as well as in others. In 1960 Schwarz published 
a system for Kv.P.—Ma.S. relationships and in 1961 the Unit System of radio- 
graphic exposure technique. In 1971 the General Electric X-Ray Company 
published a reliable per cent factor for reduction of exposure to children 
and infants when using the variable or fixed kilovoltage system of exposure. 

In the author’s opinion, it is not possible to construct a technique chart 
that is precisely workable on all types and makes of apparatus, for by design 
they have varying degrees of efficiency. The standardization of exposure 
factors is predicated upon the use of apparatus that is adequately calibrated. | 
There is no technique chart that will work precisely in every installation. 
There are and always will be slight variations in exposure due to screen 
speed, line voltage variations, and inherent machine characteristics. How- 
ever, if the kilovoltages are optimum for the part, there is sufficient exposure 
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igure 11.13. Test radiographs. 


latitude to compensate for these variations. Small adjustments in milliam- 
pere-second values are to be expected. 


MODERN SYSTEMS OF EXPOSURE TECHNIQUE 


There are today two basic systems of radiographic exposure technique — 
fixed Kv.P. (Chapter 12) and variable Kv.P. (Chapter 10). The fixed kilovolt- 
age system of technique, developed by the late Arthur W. Fuchs, employs a 
fixed or optimum kilovoltage for a given anatomical part. The kilovoltage 
selected is based upon the penetrating quality of the radiation for the aver- 
age adult tissue thickness of a given part and the scale of radiographic con- 
trast desired. All other factors are constants except the exposure time 
(milliampere-second factor). Ma.S. is the variable used to compensate for 
part thickness. If the part is smaller than normal, one-half of a standard Ma.S. 
is used. \f the part is thicker than normal, twice the standard Ma.S. is used. 
However, refinements in the relationship between milliampere seconds and 
thickness should also be made for best results, especially in radiography 
of the thicker parts. Since the technique employs a fixed kilovoltage, the 
radiographic contrast remains substantially constant from one radiograph 
to the next. Milliampere-second compensations are made for pathological 
or physiological conditions that influence the x-ray-absorption character- 
istics of the tissues. 

Contrary to some opinion, not all chest radiography need be done at 80 
Kv.P. For example, in chest radiographs of premature infants made at Duke 
University Medical Center, a fixed kilovoltage of 60 was found to be satis- 
factory for this class of patients. The exposure factors were 200 Ma., “Yeo 
second, 60 Kv.P., 40-inch focus-film distance, par-speed screens, the aver- 
age thickness range 7 to 10 cm. (Figure 11.10). If a 72-inch focus-film dis- 
tance should be desired, the Kv.P. or Ma.S. is adjusted. Kilovoltages of 100 
and above may profitably be employed in chest radiography using stationary 
grids. Air-gap chest radiography at 125 to 150 Kv.P. can be successfully em- 
ployed without a grid (Figures 11.11 and 11.12). 

Thickness ranges with corresponding kilovoltages and starting milli- 
ampere-second values have been established and published by Fuchs for 
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1.14. Ankle and foot in lateral projection, as Figure 11.15. Improved version of view of Figure 
11.14. 


a number of parts when using the fixed kilovoltage system of exposure. To 
determine the milliampere-second value for a given projection, a series of 
three test radiographs is made. The first radiograph is made with the kilo- 
voltage listed as optimum for the part and with a milliampere-second value 
estimated to be correct. This value of milliampere-seconds may be desig- 
nated as X (Figure 11.13A). A second radiograph is made with a milliampere- 
second value that is twice that used for the first radiograph. This would be 
classified as 2X (Figure 11.13B). Then a third radiograph is made with one- 








» Figure 11.16. Sternum with low-voltage technique. 
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igure 11.17. Radiograph of placenta. = 





half the original milliampere-seconds or '/,X (Figure 11.13C). All other 
factors should be constant. The three radiographs are viewed, and the ap- 
propriate density or Ma.S. for the part is then chosen. 

In 1960 Cahoon developed a fixed kilovoltage technique for children and 
infants, as well as special procedure techniques. 

The Variable Kilovoltage Exposure System requires that the focus-film 
distance remain constant; but the kilovo/tage and milliampere seconds are 
varied to compensate both for thickness and for density of the part. This 
method has the disadvantage that the radiograph of any given part will 
vary in contrast, since the thinner structures will require a lower kilovoltage 
and the thicker structures will require a higher kilovoltage. 

A complicated modification of the Variable Kilovoltage System was used 
by Fletcher and later by Lynch. This system required various classifications 
for small, medium, large, muscular, obese, and racial characteristics of the 
patient. Each required a different milliampere-second ratio. 

To formulate a technique for variations in kilovoltage per centimeter of 
part thickness, a group of body parts of similar thickness is usually selected. 
For convenience, let us consider the ankle and foot in the lateral projection. 
The part is measured in centimeters. This value is multiplied by 2, and the 
numerical value 30 is added to the product. In this instance the part meas- 
ured 7 cm., which gives a base kilovoltage of 44. Other factors are a 36-inch 
distance, 100 Ma. '/,, second (= 5 Ma.S.), and medium-speed screens (Figure 
11.14). 

Upon inspection of the finished radiograph, it is noted that the image has 
insufficient density and contrast. Using Ma.S. to control density, a second 
film is then exposed with the same factors but with twice the Ma.S., i.e, 
10 Ma.S. The density and contrast are now satisfactory, so we have a tech- 
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nique for the extremities (Figure 11.15) based on a kilovoltage of 30 plus 2 
for each centimeter of thickness, and employing an Ma:S. factor of 10. 

At times, a special low-voltage technique must be worked out by trial and 
error. Let us suppose that in a P.A. oblique projection of the sternum we 
choose a short focus-film distance to utilize magnification. The film will be 
exposed at a 30-inch focus-film distance, 60 Kv.P., 50 Ma.S., using an 8-to-1 
grid and medium- or par-speed screens. For this, 10 Ma. at 5 seconds was 
used to take advantage of a slow-breathing technique to eliminate lung shad- 
ows and low kilovoltage and bring out the thin density level of the sternum 
(Figure 11.16). 

Other special cases, such as placenta radiography, lend themselves to 
short-scale or low-voltage high-contrast technique. Cahoon and Reeves 
stated in 1952: ‘‘Since publication of our 1948 paper, we have experimented 
extensively with the higher kilovoltages and employment of the anode-heel 
effect in an effort to eliminate the use of opaque plastic filters and low kilo- 
voltage in order to reduce patient dosage in placenta radiography. Although 
there is no doubt that results obtained with this technique are superior to 
many of those published, our conclusions based on 100 comparison tests 
were that the radiographs made with low voltage, high milliampere-seconds 
and an opaque plastic filter possessed the best contrast and were superior 
from the standpoint of overall rendition of detail through the uterine area” 
(Figure 11.17). This procedure has now given way to Nuclear Medicine and 
Echogram techniques. 


HIGHER KILOVOLTAGE RADIOGRAPHY 


The only limit to the kilovoltage that can be used in radiography is that 
imposed by contrast. The limiting kilovoltage is the one in which contrast 
has been reduced to the point that density differentiation or diagnosis be- 
comes doubtful. All who have investigated the use of higher kilovoltages for 
radiography realize its contrast limitation. 

The immediate acceptance of any technical procedure that alters to a 
marked degree the appearance of the radiograph is not to be expected. 
Everyone recognizes the need for maximum contrast in some types of work, 
but there are examinations in which the increased penetration and increased 
exposure latitude are desirable and necessary. In Figure 11.18, the lateral 
radiograph of the skull at 70 Kv.P. shows pathology in the occipital region. 
Figure 11.19 is the same skull at 60 Kv.P., and Figure 11.20 at 100 Kv.P. Note 
the changes in contrast and detail in the visualization of the pathological 
and anatomical structures. Generally, few advocate the use of higher kilo- 
voltages (100 Kv.P. and above) for a// examinations; but the higher kilovolt- 
ages have been widely accepted in studies of the gastrointestinal tract and 
colon, the lateral view of the lumbosacral spine of obese patients, and 
pregnancy studies, and in various pathological studies. Langfeldt routinely 
uses 90 to 105 Kv.P. for demonstration of the auditory ossicles. The use of 
the higher kilovoltages is indicated because of better penetration of dense 
structures of the petrous bone and fluid, reduced exposure to the patient, 
and increased exposure latitude. 

Although not generally a routine procedure, air-gap chest radiography 
may be performed with a 10-foot focus-film distance and a 6-inch object-film 
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re 11.18. Radiograph of lateral skull, with Figure 11.19. The skull of Figure 11.18, at 60 Kv.P 
ology, at 70 Kv.P. 





Figure 11.20. The skull of Figure 11.18, at100 Kv.P 


distance, with 125-150 Kv.P. and without a grid (see Figure 11.11 and 11.12). 
A comparison of a 27-cm. chest at 80 and 125 Kv.P. is shown in Figure 11.21. 

Some radiologists routinely use 150 Kv.P. for chest radiography with a 
7-to-1-ratio grid. It is interesting to note that in some of the Scandinavian 
countries the kilovoltages have been increased to 150 Kv.P.; and the radio- 
graphic quality, according to Samuel, equals that of work done at a lower 
range. He has also developed exposure tables based on the circumference 
of the patient’s chest. 

We have found over a period of twenty years that the fixed kilovoltage 
technique is more economical in time and in the use of materials and ap- 
paratus. There is much less physical and mental strain on the part of tech- 
nical personnel. Its simplicity of operation and consistency in quality of 
results have served to promote greater technical accuracy. It can be easily 
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Figure 11.21. Air-gap chest radiography: A, at 125 Kv.P.; B, at 80 Kv.P. 


taught, for it involves the application of only the basic radiographic expo- 
sure principles. 

Radiography in the supervoltage range is of interest in selected cases be- 
cause of the possibility of visualizing lesions obscured by bone, especially 
in the chest. Tuddenham and his associates have experimented with million- 
volt x-ray equipment for diagnostic purposes. 

In our investigation as well as in that of others, radiographs made with the 
higher kilovoltages are satisfactory when the exposure factors have been 
correctly balanced. It is perfectly possible to produce good-quality, fog-free 
radiographs of the thicker parts with a higher kilovoltage. Good-quality 
radiographs employing different kilovoltages can be made as long as there 
are suitable compensations in milliampere seconds. However, the higher 
kilovoltages should be avoided in radiography of thin parts, e.g., the hand, 
or when using iodinated contrast material. 


SECONDARY RADIATION 


Secondary radiation is probably the greatest single hindrance to good 
quality in radiography. The intensity of secondary radiation is dependent on 
the density of the subject, the total volume of tissue irradiated, and the 
kilovoltage. As is well known, the most effective method of eliminating the 
greater part of secondary radiation is the use of cones, collimation, grids, or 
air-gap techniques (Chapter 4). 

Absorption of secondary radiation by a grid naturally requires that addi- 
tional primary radiation be used to obtain a satisfactory image. This is ac- 
complished by raising the kilovoltage. For the same heat load on the focal 
spot, higher kilovoltage makes more useful radiation available to the film; 
and the radiation dosage received by the patient may be considerably less- 
ened. 
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In routine radiography, an 8-to-1-ratio grid is quite satisfactory. The 
higher-ratio grid absorbs appreciably more primary radiation than the 8-to-1- 
ratio grid. Actually, the small gain in subject contrast to be made by using 
a higher-ratio grid technique may not be worthwhile because of the in- 
creased exposure required to make up for the higher absorption of the grid. 
The higher-ratio grid should be used only when it offers a significant advan- 
tage by increase in the subject contrast, as in gastrointestinal radiography, 
where the use of a 12-to-1 grid has now become popular since it offers good 
cleanup and provides reasonable contrast latitude. 


COMMON EXPOSURE SYSTEMS 


Phototiming 


With the exception of fluoroscopic spot-filming devices, phototiming has 
not generally been accepted for routine radiography. Whether this neglect 
is due to film speed versus photo-reaction time, cost, deficiencies in equip- 
ment, or lack of proper utilization is not known. However, the potential of 
phototiming, adapted to computerized techniques, indicates a future trend 
in this direction. 

A computer-programing special-procedures unit employing vacuum cas- 
settes has been developed, utilizing a film changer similar to the Schonander, 
but without the problems of variable loading to improve film sequence. Film 
sequence is controlled by a pre-punched IBM card inserted into a small 
computer. Each examination has its own sequence punched into the card. 
If two separate series of films need to be done on the same examination, two 
separate rows are punched on the card, and the computer does the rest. By 
employing vacuum cassettes, detail is extremely good. At the present, with 
serial-type radiography, the technical aspects can be synchronized: con- 
trolling the exposure, triggering the injection of contrast media, and bring- 
ing into play whatever auxiliary techniques may be desired—videotaping, 
cinefluorography, EKG, and so on. 

With computer programing, the punch card can be used over and over 
again for the titled examination, assuring exact duplication of the procedure 
every time. With such a technique the chance of misunderstanding or human 
error is automatically ruled out. 

One can foresee moving into the computer-programed type of technique 
at a rapid pace, and more will be required of the technologist. 


Variable kilovoltage technique 


With this type of technique the milliampere seconds remain constant and 
the kilovoltage changes according to the centimeter thickness of the patient. 
Normally one would expect the technique to increase in increments of 2 Kv.P. 
per centimeter thickness. 

With variable kilovoltage technique the Ma.S. is sometimes typed into 
classes—A class, 75 Ma.S.; B class, 100 Ma.S.; and C class, 125 Ma.S. Es- 
sentially, this classifies the patient as small, medium, or large, using the 
milliampere-seconds most appropriate and then using the Kv.P. appropriate 
for the centimeter thickness. 

Why are variable low-voltage techniques used today? The function of 
contrast is to enhance the visibility of detail. Accordingly, many radiologists 
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with a preference for short-scale contrast limit their technologists to tech- 
niques of the 40 and 90 Kv.P. range. In the 1920’s and 1930's, low-voltage 
techniques were used because of equipment limitations and because de- 
vices such as 8-to-1 and 12-to-1 grids supplying adequate control of sec- 
ondary and scattered radiation fog were not available. Radiologists became 
accustomed to interpreting films that were, by definition, of high contrast. 
However, most low-voltage films have areas that are not completely pene- 
trated and thus lack silver deposits. Basically, areas lacking in silver deposits 
are diagnostically useless; yet because of the pictorial quality of low-voltage 
films, many subjectively feel that they are superior in radiographic quality. 
It is Surprising to see even today that lateral lumbar spines are still radio- 
graphed at 75 Kv.P. and 600 Ma.S. 

A technologist with enthusiasm and know-how can do remarkably good 
work with the variable kilovoltage technique, although the radiation expo- 
sure is higher than with a fixed or high Kv.P. technique and the contrast 
scale changes with each part thickness. No matter what radiographic ex- 
posure system he chooses, the radiologic technologist must be certain of 
the calibration of the radiographic equipment, since it becomes impossible 
to formulate standardized techniques without proper calibration of equip- 
ment. 

The other problem in any department of radiology is processing. This must 
be standardized if one is to have consistently good diagnostic and accept- 
able radiographs, whether it be manual or automatic processing. 


Fixed kilovoltage technique 


In this technique the kilovoltage is fixed according to the part being radio- 
graphed, and the Ma.S. is varied to compensate for patient thickness. While 
Ma.S. controls density, the kilovoltage is fixed at a level which will penetrate 
the part irrespective of its size. The fixed kilovoltage system of technique 
has become popular since the Kv.P. controls or affects many factors—con- 
trast, density, quality of radiation, production of secondary radiation, scat- 
tered radiation, and exposure latitudes, to name six of them. All six factors 
may vary with the variable kilovoltage technique, and so it becomes difficult 
to maintain a balanced scale of contrast, because when voltages are changed 
to compensate for part thickness, the contrast scale also changes. 

One must bear in mind that the radiologic technologist also has a moral 
obligation to the patient. The radiation exposure to the patient is more likely 
to be greater with a variable kilovoltage technique than with a fixed or high 
kilovoltage technique, since tissue-absorbed dose is related to high Ma.S. 
values. 


High kilovoltage technique 


High kilovoltage refers to 100-150 Kv.P. by definition, and in some coun- 
tries to 100—200 Kv.P. Various institutions in this country have already made 
use of the high kilovoltage technique in radiography of the chest (employing 
air-gap technique without grids), lateral lumbosacral spines, barium studies, 
and obstetrical cases. As more radiologists are influenced by the techniques 
used in Europe, we can expect greater utilization of the 150-Kv.P. generators 
now being manufactured in this country. High kilovoltage techniques permit 
more latitude, shorter times of exposure, sharper deatil, and fewer repeats. 
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Variable kilovoltage and/or fixed kilovoltage technique charts work quite 
well if used properly. The successfu/ application of either technique depends 
on a thorough understanding of what we have always referred to as the four 
prime factors of a radiograph—density, contrast, detail, and distortion—and 
the four prime factors in the production of a radiograph—kilovoltage, milli- 
amperage, time, and distance. 

The part to be radiographed should always be measured with a caliper, all 
radiographic units should be calibrated, the primary beam should be col- 
limated precisely to the area of interest, and all films must be processed by 
strict time-temperature and/or rigidly controlled automatic processing. 

Although a thorough knowledge of all the foregoing is available, further 
dividends will accrue if the film illuminators are checked regularly to see 
that illumination and intensity are matched. After all, one should always take 
pains to present one’s work to the best possible advantage. 


RADIATION DOSAGE 


There has been much discussion in past years on the subject of exposure 
to radiation. As recently as 15 November 1972 a panel convened by the Na- 
tional Academy of Sciences concluded that federal standards for exposure 
to radiation must be tightened up if the United States is to avoid an increase 
in cancer deaths over the next thirty years. Calling the guidelines for expo- 
sure to radiation “unnecessarily high,” the Academy panel strongly recom- 
mended that the federal government reexamine public exposure to x-rays, 
nuclear medicines, and other man-made sources of radioactivity. The dis- 
cussion has occurred not only in scientific journals but also in the lay press, 
where many radical opinions have been expressed concerning diagnostic 
radiology. 

According to scientific literature, the following facts can be accepted. 
Radiant energy can produce genetic mutations; the number of mutations in- 
creases with the amount of radiation absorbed; most mutations may be con- 
sidered harmful to the human race. 

It should be remembered that x-rays are not the only cause of genetic 
mutations; cosmic rays, various chemicals, and other things, may be factors. 

At Duke University Medical Center, research has been done toward ob- 
taining the radiation skin dosage from diagnostic procedures for the two 
major methods of technique: the fixed kilovoltage technique and the tissue- 
measurement or kilovolt-variation-per-centimeter-thickness technique. The 
results are similar to those of other investigators. See Appendix A. 

Regardless of exposure system, Gianturco, Miller, and Neucks state: 
‘“‘Low-dosage techniques require some retraining of the technical staff who 
must understand the importance of each factor employed. Ultimately, 
technologists are the key to high-kilovolt, low-milliampere-second, or low- 
dosage radiography because the greatest reduction of exposure comes from 
doing the right thing the first time.”’ In many instances the tissue measure- 
ment technique gives radiation dosages as much as three times that of the 
optimum or fixed kilovoltage technique. 

The proper use of filters markedly reduces the radiation dosage. In many 
instances the use of a filter will reduce the absorbed x-ray dose and, by re- 
ducing the scattered component, produce a better radiograph from the diag- 
nostic standpoint. 
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It is the author's opinion that the lower voltage technique, employing 
kilovolt variation per centimeter, is obsolete. The future trend is toward the 
use of higher kilovoltage values and a more widespread knowledge regard- 
ing the radiographic function of each exposure factor. 

A major equipment company for a long time associated with technical 
education has reversed its policy in the preparation of exposure charts. They 
now advocate fixed or higher kilovoltage rather than variable kilovoltage 
techniques. 

It is the prerogative of the radiologist to specify the type of radiograph 
which best suits his requirements, but it is the obligation of the radiologic 
technologist to have a thorough understanding of exposure principles and 
the ability to interpret these principles so as to obtain the best diagnostic 
quality in radiographs. 

The term ‘technologist’ means one skilled in a specific field; and in our 
particular case, it is radiologic technology. Radiologic technologists are 
skilled in the art and science of radiographic technique and should be able 
to produce any type or quality radiograph at any given time. 

For three-quarters of a century there has been a progressive refinement 
of radiographic technique to produce satisfactory radiographs and at the 
same time restrict radiation exposure to the patient. These refinements have 
led to the development and utilization of fixed or high Kv.P. technique which 
can substantially reduce radiation to the patient. Promising developments 
with phototiming and computer-controlled radiographic techniques may 
allow ultimate development of exposure techniques in the future. 
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Chapter 12. THE FIXED KILOVOLTAGE 
SYSTEM OF TECHNIQUE 


Present-day radiography requires standardization of apparatus and tech- 
nique in order that all operations performed may entail a minimum of time 
and yield results of the best quality. 

The results of the beginning student in radiography, whether good or 
poor, are usually unintelligible to him. For that reason he must early become 
acquainted with the kind of radiograph that is most useful to the radiologist 
— one that possesses correct diagnostic quality. The student cannot acquire 
that knowledge except by actually making such radiographs under careful 
guidance. His familiarity with satisfactory radiographs, based on experience 
in making them, instills in him a self-confidence that is of immeasurable 
value in the field of radiography. 

To facilitate this training, there is a simple yet exact exposure system —the 
fixed kilovoltage technique developed by the late Arthur W. Fuchs—which 
requires little applicatory effort on the part of the student and instructor. 
Wherever practical, the exposure factors are reduced to constants, thereby 
eliminating many possible sources of error. This system enables the student 
to quickly become acquainted with radiographs of better than average 
quality that are produced in the course of instruction. It precludes flounder- 
ing about, seeking exposure factors for making a particular radiograph the 
quality of which he is often incapable of judging in the early stages of train- 
ing. The fact that the fixed kilovoltage system requires the elimination of non- 
essentials or variables from the technical procedure accounts for the success 
of the technique, since it provides a clear-cut method of procedures, assures 
the technologist of better than average results, and is easily understood and 
applied by the beginner as well as the experienced radiologic technologist. 

The fixed kilovoltage system does not require actual measurement of the 
body parts. With some experience, the technologist /earns to estimate the 
thickness and is able to classify the part as smal/, average, or large. Since 
the average classification predominates, he may successfully place about 90 
per cent of all patients in this category. The basic constants of kilovoltage 
and milliampere seconds are so few in number that they are easily memo- 
rized, and for ready reference, the factors may be placed on asmall card (see 
Figure 11.9 in the preceding chapter). 

The employment of the fixed kilovoltage technique will consistently pro- 
duce radiographs of good quality with a minimum of effort. Since the method 
is standardized, shifting of personnel from one room to another should not 
interfere with the uniformity of results; each technologist trained in it should 
produce a radiograph of the same quality and type as his predecessor. The 
radiographic densities produced by this method are uniform—a point of 
considerable diagnostic value because any differences from the normal 
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density may be attributed to pathological changes within the tissues. Dupli- 
cation of results is easy to obtain in follow-up cases. 

The tendency in present-day radiography has been to use high milliam- 
perages to perform work which they are not always capable of performing. It 
must be understood that for a given thickness of a particular body part, the 
wave lengths of the x-rays employed to penetrate the tissues must be ade- 
quate. Since the kilovoltage governs the wave /ength and penetration, all 
that is then necessary to secure a satisfactory image is to have a sufficient 
number of x-rays reach the film. The milliamperage and time control the 
number of x-rays or intensity of radiation, and proper adjustment of these 
factors will produce adequate exposure of the radiographic film. When the 
x-ray wave length is correct, a lesser amount of milliampere seconds is 
usually needed for the exposure that is habitually employed for the same 
purpose with lower kilovoltages. This is most important where conservation 
of tube life is necessary, for it is the milliampere seconds that commonly 
destroy tubes—not kilovoltage. Less milliampere seconds will permit a 
greater number of radiographs to be made over a given area before the limit 
of radiation safety is reached. 

In determining a fixed kilovoltage system of technique a premise has been 
established as to the diagnostic acceptability of the image. The image should 
be as near 100 per cent acceptable as possible. The scale of contrast should 
be such that all anatomical details are readily visible. This, of course, de- 
pends upon the penetration. Each part should be adequately penetrated. 
Only a minimum of secondary radiation fog should be tolerated. The average 
density level should be such that the majority of densities are translucent 
when the standard type of illuminator is used. 


HOW THE FIXED KILOVOLTAGES WERE DETERMINED 


The determination of fixed kilovoltage for various projections involved 
quite a bit of preliminary experimentation, with subsequent testing. 

1. A series of exposures were made of a particular part employing a given 
projection. The radiographs were made at various kilovoltages, usually 40 
to 100, in 10-Kv.P. steps. At first, a number of values were employed, but 
later the kilovoltages were narrowed to three of four for trial. The Ma.S. value 
used with each Kv.P. was adjusted so that the average overall densities of 
the radiographs were approximately the same. The densities for the same 
anatomical area were balanced for each radiograph. 

When it was determined that a given Kv.P. would be adequate, it was tried 
on a large number of patients using a single basic Ma.S. value. In some in- 
stances the radiographic densities were adjusted to suit the average range 
of tissue densities. As soon as the radiographs assumed a measure of uni- 
formity, the Kv.P. and basic Ma.S. factors were established as constants. 

2. Measurements of tissue for a given projection were carefully made. 
Calipers were employed and skin-to-skin measurements were made without 
compression of tissues. When these measurements were obtained, correla- 
tion with anthropometric data was secured so that frequency and reliability 
of the measurements could be assured. 

The frequency of measurement to establish the average thickness ranges 
was established by Fuchs as shown in Table 12.1 below. The kilovoltage was 
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established to suit the nature of radiography to be done—whether screen, 
direct exposure, or screen-grid exposures—and the greater frequencies 
were then tested radiographically, using the kilovoltage selected as optimum 
for the projection. 

When measurements were encountered that were greater or less than 
average, some adjustment in the Ma.S. was necessary. However, the kilo- 
voltage was to remain constant. Borderline thickness ranges were estab- 
lished. In some instances, compensation could be made by halving the Ma.S. 
with those parts measuring less than the average and doubling the Ma-S. 
for those parts greater than the average. This could usually be done where 
the per cent frequency was very high, as with the P.A. view of the hand. 

As the per cent frequency of thickness became lower, refinements in the 
thickness divisions had to be made. Considering the basic Ma.S. as x, then 
the halfway point between it and 2x would be 1'/,x. Also, with x and '/,x, the 
halfway point would be */,x. 

For example, if 80 Kv.P. was initially established for the chest projection 
(P.A.) with a basic Ma.S. of 3.3 at 72 inches using screens, then these fac- 
tors were used on 82 per cent of all adult patients entering the department 


Table 12.1 PROJECTION AND RANGES OF AVERAGE THICKNESS— 
ADULT 


Average thickness adult—cms. Per cent 
Region frequency Kv.P. 
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Per cent 


Average thickness adult—cms. 





Region frequency Kv.P. 
Pe] | 
Leg (S) 
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Thigh (S + PB) 75 
ai 


65 
Vertebrae 

| | ee 
Skull (S + PB) 85 


Sinuses (S) Maxillary 18-22 88 
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(1) Per cent frequency of average thickness in various projections, and (2) required kilovoltages 
that assume complete penetration. (It is assumed that when needed average-speed screens (S) 
and 8 to 1 PB diaphragm (PB) are used). 
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and measuring 20 to 25 centimeters. Cases measuring 25 to 29 centimeters 
were exposed with 2x Ma.S.; those measuring 16 to 20 were exposed with 
¥,x Ma.S. These figures were later revised so that for a 21- to 24-centimeter 
range, xX Ma.S. was used; 1'/,x Ma.S. was used for 24 to 27 centimeters; and 
2x was used for 27 to 30 centimeters. For the 18 to 21 group, */,x was used, 
and '/,x was used for the 16 to 18 group. See the graph for the chest, Figure 
12.1. The same procedure was employed for all projections. 

Adjustment of the kilovoltage should always be made when a new pro- 
jection is established. Just as soon as new conditions are introduced into 
a standard projection, then it should be considered a new one and factors 
should be laid down to satisfy the requirements of that projection. 
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KvP 80 
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Figure 12.1. Graph for the chest. 


It is not possible to construct a technique chart that is precisely workable 
on all types and makes of apparatus because of varying degrees of calibra- 
tion efficiency. The best that can be accomplished is a compromise in which 
all factors but one are reduced to constants. The variable factor employed 
should have only one function—to influence the amount of silver deposited 
on the film (radiographic density). 

No technique chart is a cure-all or an answer to good radiography. It is 
only an aid in that direction. Training in positioning, the application of suit- 
able immobilization devices, and cones and grids (when employed), all con- 
tribute to the quality of the radiograph. Clinical experience in estimating the 
relative x-ray absorption characteristics of the patient as altered by disease, 
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trauma, or age also has a decided bearing upon the results. Adjustments for 
relative absorption can be approximated by using Ma.S. values in the next 
lower or higher thickness category. 

The exposure charts in this chapter, which are designed for use with full- 
wave rectified equipment, list suggested exposures for various routine pro- 
jections. It may be found practical to adapt these factors to the routine 
radiographic work required by your department. It is most important that 
the appropriate Ma.S. and Kv.P. values, suffixed by the same symbol, be 
used together. Cones of the correct size must also be employed, as well as 
standardized processing. 


Formulating the fixed-voltage guide 


Referring to Table 12.1, we find that the lateral skull will be from 14 to 
17 cm. in width and calls for 85 Kv.P. 

Let us make a series of four radiographs of the lateral skull with 85 Kv.P. 
The milliamperage may be any factor we choose. The time factors should be 
what is thought to be normal, twice normal, one-half normal, and one-fourth 
normal. Develop the four radiographs and select the one thought to be the 
most informative. The factors used to produce the desired radiograph will 
hold true for the skull that is 14, 15, 16, or 17 cm. wide. This procedure is 
followed for each projection. 


Example 
Lateral skull Cone: To area 
15 cm. Kv.P.: 85 
Distance: 40 inches Ma.S.: No. 1-20 
Bucky: 8-to-1 No. 2-40 
Dev.: automatic No. 3-10 
No. 4-5 


Suppose radiograph No. 3 is the one selected. Then all lateral skull radi- 
ography measuring from 14 to 17 cm. in width will be done at 


SS KVAR- 

10 Ma.s. 

Below 14 cm. width the Ma.S. value should be reduced by 1, 
Above 17 cm. width the Ma.S. should be doubled. 


The physiologic or disease state of the patient requires some adjustment 
of the Ma.S. values. When an increase in tissue absorption occurs, a cor- 
responding increase in overall radiographic density is required. Doubling 
the Ma.S. is often sufficient compensation in the presence of 


1. Sclerosis; 
2. Fluid or pus; 
3. Contrast media. 


Conditions which cause a decrease in tissue absorption require a cor- 
responding decrease in radiographic density. Halving the Ma.S. often com- 
pensates for 


1. Destructive bone disease; 
2. Malignant metastases; 
3. Malnutrition; 
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4. Atrophy; 
5. Emphysematous tissue. 


EXPOSURE GUIDE: FIXED KILOVOLTAGE TECHNIQUES (Adult) 


Projection: Proj. 
Centimeters: Cm. 

Distance: FFD (Focus-film) 
Videx cone: V 

Cylinder cone: C 

Tube: Rotating anode 


Cardboard and regular film: F 

Screens: Medium: S 

Screens and 8-to-1 grid: SG 

Filter: 2 mm. al. 

Development: 5 minutes at 68° or automatic 
Film: Regular 
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Note: Automatic processing will require some adjustment in exposure factors (Ma.S.). 
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**LAT. THORACIC: Patient breathing. Use a low Ma. station and long exposure time. Example: 
Technique calls for 100 Ma.S. Use 25 Ma. and 4 seconds exposure. 
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cue ts | rine as | mo 
[| [ae | ae 

m | enor Fosse | | fd 

7c | 


THE EXTREMITIES 


Screen exposure only 


Cm. Cone and 
Region Proj. Range | FFD | Guide Ma.S. Time | Ma.S. | Kv.P. Film 
ise | ia 







Cone and 
Film 











P.A. 


or 
we | om [oo] [oss |) 











iil To 
pa [as ae 
Wrist Lat. 
ou | 0 = 
Forearm AP. 6-10 oe 60S 
Lat. 
10-15 
3-5 
A.P. 
Elbow Lat. 36” 
Obl. 
10-15 


4-8 
A.P. 
Ankle Lat. 
Obl. 

12-15 
eo 
Le 

2 Lat. 
8-13 








3.33 S 





13-17 10S 


8 | | 








Knee 


Lat. 


13-17 


Note: Cast, add 10 Kv.P. 
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EXPOSURE GUIDE: FIXED Kv.P. TECHNIQUE (Infants and Children) 


S—Screens, average speed C—Cylinder cone 
SG-—Screens and grid (8-to-1) V—Videx 
F—Regular film and cardboard holder Dev. 5 min. at 68 degrees or automatic 


Filter—2.5-mm Al. 


Region 


Chest 
(premature) 





Chest 
(table top) 


Chest 
(upright) 





Note: For automatic processing reduce Kv.P. or adjust the Ma.S. 
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Guide Ma. S. 


20 SG 


20 SG 
Zoe 















Region Time 





hy 










Skull 13=17 


12-16 
Mento- eed 
vertex 29-25 
26-29 
ieee V2=15 
16-20 
21-25 
12-16 
Stenvers 
17-23 
10-14 
Optic 15-18 
toad 10-13 
14-17 
Sinuses jee 
EN 17-23 
Sinuses 
Lat. 


@ 
oO 


= ~ 
S = = ’ a ” 


ho 


tw 


ico) o 
| us 
= 

nm 





hho 







“io 


eae 


@ N 
on on 


13-16 
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2.5 SG 20 
P.A. 
14-18 10 SG 139 
1 
1 





"ba Taps 
Mandible 25S 
Lat. 
12-15 Bis 10 
“ 
Lat. & 
Obl. 
12-15 
Cervical 
Spine 
12-15 


10-15 
A.P. 16-19 
20-23 
Thoracic 
14-19 
Lat. 20-24 
25-28 


Lumbar & 


Pelvis, & 
Abdomen 

















Extremities 
(Premature) 


Wrist, Elbow, 
Forearm 
A.P. & Lat. 


Extremities 
Ankle, Leg, 


Knee 
A.P. & Lat. 
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FFD | Guide Ma.S. 











Knee 








Shoulder 








Thickness ranges 


The thickness ranges of body parts in the adult patient are always meas- 
ured along the course of the central ray. In most instances, three thickness 
ranges are specified. The first comprises a thickness range for thin parts; 
the second, the average thickness range, which includes the majority of 
thicknesses for a given projection; and the third, the thickness range for 
the heavy parts. 

Some projections, such as those for the chest, require a greater break- 
down in thicknesses to attain the desired uniformity in radiographic quality. 


Focus-film distance (FFD) 


In the guide, the focus-film distances are standardized at 30-36 and 72 
inches. If the FFD is to be changed at any time, the inverse square law should 
be used to effect the required change in Ma.S. (see pages 91-93). 


The following techniques are based on the use of 2-mm. aluminum ex- 
ternal filtration. 


Guide Ma.S. values 


As a starting point in adapting the Guide to your requirements, Guide 
Ma.S. values are listed for the various projections. These are trial values, but 
they are quite close to a corrected value that should be employed. In the 
column listing fixed kilovoltages, the kilovoltages listed have been attained 
by extensive experiment and are premised upon the following criteria: 


1. That the wave length generated by the kilovoltage will provide radia- 
tion that will penetrate a given part when a practical Ma.S. value is 
used. 

2. That the level of secondary radiation fog is such that it will not inter- 
fere with the diagnostic quality of the radiographic image. 

3. That the image will exhibit a long scale of contrast to assure the rendi- 
tion of maximum image detail. 

4. That the final Ma.S. value selected for the average thickness will 
provide sufficient overall image silver to reveal essential details. Since 
all factors but Ma.S. are constant, it can readily be seen that the level 
of radiographic density must be regulated by Ma.S. The kilovoltage 
should not be used for this purpose. 

5. That the focus-—film distances listed will assure satisfactory image 
sharpness. 
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The last column of the Guide indicates the appropriate size of film required 
and the size of the cone needed to enclose the anatomic area specifically 
required. 


Use of the Guide 


Select the projection that is to be standardized. Choose a patient or phan- 
tom whose thickness is a median in the average thickness range. This thick- 
ness should be measured along the course of the central ray. Once the thick- 
ness category into which the part falls is determined, note the Guide Ma.S. 
listed for that particular thickness range. Make an exposure of the patient or 
phantom employing the indicated Ma.S., FFD, Kv.P., size of film, and cone. 
If the over-all density of the radiograph is greater than desired, repeat the 
exposure using the Guide Ma.S. value for the next lower thickness category. 
If the density is less than desired, use the Guide Ma.S. value listed for the 
next higher thickness. Further small adjustments in Ma.S. can be made to 
arrive at the exact density level desired. Once the density level for the average 
thickness is determined, the percentage increase or decrease in Ma.S. can 
be easily determined and the other Ma.S. values corrected accordingly. 
Simplification of this procedure can be effected by classifying radiography 
into these three types: (1) direct exposure, (2) screen exposure, and (3) 
screen-grid exposure. By this means, only three adjustments in the Guide 
Ma.S. values need be made for each class of radiography. 

Example: In radiography at 85 Kv.P. of the lateral skull, measuring between 12 and 17 cm., the 
guide Ma.S. for the average thickness range will be found to be 15, employing screens and grid 
Suppose the exposure is made and the resultant density is insufficient. Then another exposure 
should be made, employing 20 Ma.S., with screens and grid (the Ma.S. value needed for thicker 
skulls), and if the resultant density is satisfactory, the percentage increase in Ma‘S. to be applied 


to all screen grid exposures in the preceding charts, with the exception of children’s and infants’ 
exposures, may be obtained in the following manner. 


Lateral skull (see Exposure Guide ‘‘The Skull’). The Guide Ma.S. proposed is 15 Ma.S. with 
screens and grid. The corrected trial Ma.S. is 20 with screens and grid. Now 20/15 = 1.33'/,: i.e., 
133 per cent adjustment for other screen-grid exposures listed in the Guide Ma.S. values 


In the example of the lateral skull we would then multiply the first class, 10 Ma.S. by 1.33, the 
second class by 1.33 for 20 Ma.S. and the third class (20 Ma.S.) by 1.33. The result is 13.3 Ma.S.— 
or, rounded off, 15 Ma.S. This would give us the adjusted factors. This procedure would be fol- 
lowed throughout the entire chart on the Ma.S. values listed for screens and grid. 


See alternative method, page 225, and Chapter 8, pages 104-5 


Example 2: |f we make a radiograph of the P.A. hand and find that the 70 Ma.S. recommended in 
the Guide under ‘Extremities’ for regular film in the cardboard holder, with 50 Kv.P., produces 
excessive density, we make another radiograph at 50 Ma.S. If this radiograph is adequate, we then 
make a percentage correction for all techniques in the guide 


Hand—cardboard holder 

Guide Ma.S.: 70 

Corrected trial Ma.S.: 50 

50/70 = 5/7 = .715 = about 70 per cent 


We would then multiply all techniques listed for cardboard holder by .715 and this would be the 
corrected Ma.S. value for every such exposure of a part 


Fixed voltage technique is dependent upon a rigid application of the fol- 
lowing factors: 


1. Focus-film distance — 
a. Influences the sharpness and magnification of the radiographic 
image. 
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b. Influences radiographic density. 
2. Kilovoltage (Kv.P.) — 
. Regulates wave length of radiation. 
. Determines degree of penetration. 
. Influences production of secondary radiation fog. 
. Regulates scale of radiographic contrast. 
. Determines degree of exposure latitude. 
. Influences radiographic density. 
3. Milliampere seconds (Ma.S.) — 
a. Regulates the quantity of x-radiation emitted by the x-ray tube. 
b. Regulates radiographic density. 


aes Qa cD 


The physiological or diseased state of the patient requires some adjust- 
ment of the Ma.S. values when an increase in tissue absorption occurs. A 
corresponding increase in over-all radiographic density is required. Doubling 
the Ma.S. is often sufficient compensation for 


1. Sclerosis 
2. Fluid or pus 
3. Contrast media 


Conditions which cause a decrease in tissue absorption require a corre- 
sponding decrease in radiographic density. Halving the Ma.S. often com- 
pensates for 


. Destructive bone disease 
. Malignant metastases 

. Malnutrition 

. Atrophy 

. Emphysematous tissue 


ahwWND — 


Example: In the posteroanterior adult chest to visualize the bronchi with opaque media, we find 
that the 17—20-cm. technique calls for 80 Kv.P. and 5 Ma.S. Since an opaque medium has been 
added, our initial procedure would be to double the Ma.S. (10 Ma.S.) and leave all other factors 
constant. If the new Ma.S. produces more density than desired, we go ‘in between’ 5 and 10 
Ma.S. and use 7.5 Ma.S. See Figure 12.6, oblique bronchogram exposure 


When a chest (or any other part) measures greater than average, the only 
change that need be made in the technical factors is in the Ma.S. The in- 
creased thickness requires more radiation. The Kv.P. is held constant since 
it has been established that 80 Kv.P. provides the necessary quality of radia- 
tion to penetrate any adult chest of normal size. 

If we were to use the basic Ma.S. (6.66) for a 15-cm. chest, the density 
would be excessive. A satisfactory result can be obtained, however, by using 
'/, x Ma.S. To balance the densities for the 17- and 20-cm. chest, */, x Ma.S. 
may be used. For chests that are 10-14 cm., '/, x Ma.S. may be used. 

It is impossible to formulate a technique chart that will produce identical 
results in Durham, North Carolina, and Detroit, Michigan, and unless all 
machines in a particular department are calibrated the same and all cones 
and grids are identical, a separate chart must be worked out for each. 

The following techniques are designed for use only with full-wave rectified 
equipment, a cone and/or collimator, 8-to-1 grid, and a rotating-anode tube. 
The exposure factors are the factors that produce excellent radiographs in 
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one department. The factors, however, may be adapted to the equipment in 
your department by a simple adjustment in exposure. 


Adapting exposure charts to your equipment 


Choose a patient of average build whose thickness falls into the average 
or middle class. Let us select the knee for a starting point. Measure the knee 
and use the Guide Ma.S. listed for the knee in the A.P. projection. Be sure 
to use the Guide Ma.S., Focus—film distance, Kv.P., size of film, and cone 
as listed. Repeat the exposure using the Guide Ma.S. value listed for the first 
class. Repeat the exposure using the Guide Ma.S. for the third or large class. 
Develop the three films at 68° for 5 minutes. Observe the three radiographs 
to find the desired density level for the average thickness. The percentage 
increase or decrease in Ma.S. can now be determined and the other Ma.S. 
values corrected accordingly. This correction factor will hold true for all 
radiography of parts with similar density (i.e., knee, leg). This procedure is 
followed for all groups; skull, sinuses, the lateral cervical spine, the lumbar 
spine, etc. 


Example 1: For an A.P. radiograph of the knee employing an 8-to-1 grid, the Guide Ma.S. for the 
average thickness range (10-14 cm.) is 6. Make a second exposure employing the Guide Ma.S. 
for the first class (-9 cm.), 4 Ma.S., and a third exposure employing the Guide Ma.S. for the large 
class (14-cm.), 8 Ma.S. See Figure 8.1A, B, C. We find upon inspection of the three radiographs 
that 8 Ma.S. gives us the desired density. We now divide the listed Guide Ma.S. into the corrected 
Ma.S. to find the percentage or correction factor. 
Thus 
les) 
6 /8.0 
6 
20 
18 


2 
Therefore our correction factor is 1.3. We now multiply the Guide Ma.S. of each class by 1.3. 


We now have 5 Ma-S. for the first class, 8 Ma.S. for the second class, and 10.4 or 10 Ma.S. for 
our large class. Make no other changes. 
If by chance radiograph number 2, made with 4 Ma.S., is better, we would divide 6 into 4. 
.66 
6/40 
36 
40 
36 
4 
We then would use .66 times the listed guide Ma.S. values. Or, we could say, /;, =*/;; therefore */, 
times the guide Ma.S. values. 


Example 2: |n radiography of the skull in the A.P. projection (16-23 cm.), the guide Ma.S. will be 
found to be 30. If the resulting density is excessive, another exposure should be made employing 
20 Ma.S., the value needed for a smaller skull. If the resulting density is satisfactory, the percent- 
age reduction in Ma.S. needed is obtained in the following manner: 

Guide Ma.S. 30 

Corrected Trial Ma.S. 20 


>, =*/, or 66°/, per cent adjustment for the other Guide Ma.S. values listed for skull radiography. 
This procedure should be followed for other parts of similar density, with screens and grid (S.G.). 
.667/, 
30 /20.00 


180 


259 = "Ty 
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Thickness range: 
Cms. 








F—Cardboard 





Infant 







©-— Screens, aver. 
speed 













@-Grid 
Cone no. V-10 
Development: 
5 min. 68° F. 
or 
automatic 










































Film size 
10 x 12 







Projection 
no. 15 


Lateral 


A Kardex-type technique chart may be set up and each projection re- 
corded: see Figure 12.2. The 4 x 6 cards in the Kardex technique file may be 
arranged as in Table 12.2. 
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» 12.3. Chest of premature infant at 60 Kv.P. 


Figure 12.4. Anteroposterior view of skull of prema- 
ture infant at 85 Kv.P 


Table 12.2 ARRANGEMENT OF KARDEX FILE 





Chest P.A. 

Oblique 
Lateral 
Stretcher 
Table Bucky 


P.A.-Grid—Upright 


Skull Lateral 

A.P.-P.A.— Waters 
Brow Up 

Petrous 
Mentovertex 
Mastoid — Lateral 
Stenvers—P.A. 
Optic—P.A. 
Mandible—P.A. 
Mandible — Lateral 


Lateral 
Frontal 
Sphenoid— Maxillary 


Sinuses 


Cervical—A.P. 
Cervical—Lateral 
Cervical—Oblique 
Neck —Soft Tissue 
Dorsal—A.P. 
Lumbar—A.P. 
Lumbar — Oblique 
Lumbar — Lateral 
Lumbar— Spot, L-5 


Spine 


Oblique-Grid—Upright 
Lateral-Grid—Upright 








































Pelvis AGEs 
Lateral 

Hip A.P. 
Lateral 









Gallbladder PaA: 
Upright 
Decubitus 







Regular 
Air Contrast 
Chassard—Lapine 





































Pelvimetry AIP: 
A.P. Inlet 
Lateral 
Placenta 







Hand 
Forearm 
Elbow 
Humerus 
Shoulder 
Foot 

Os Calcis 
Tibia— Fibula 
Knee 









Extremities-screens Adult 
Child 


Infant 





G.I. Series P.A.—Oblique 
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& a 


Figure 12.5. Anteroposterior view of pelvis of an 
8-year-old child at 65 Kv.P. 





Figure 12.6. Bronchogram at 100 Kv.P 





Figure 12.7. Anteroposterior view of dorsal and 
lumbar spine 


SPECIAL PROCEDURES 


Contrary to some opinion, not all chest radiography with fixed kilovoltage 
is done at 80 Kv.P. Figure 12.3 is a radiograph of a chest of a premature infant 
at 60 Kv.P. The actual exposure factors were 40-inch focus-film distance, 
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e 12.8. Spot film showing pathology in spine of 
e127. 





Figure 12.9. Air-contrast colon. 


Figure 12.10. Note the pathology at the level of the 
first lumbar vertebra. 





medium screens, cylinder cone, 60 Kv.P., 3.33 Ma.S. (200 Ma for '/) second). 
Figure 12.6 illustrates an oblique bronchogram radiograph exposure at 
100 Kv.P., 13.33 Ma.S., 72-inch FFD, 8-to-1 grid. 
Figure 12.7 is an anteroposterior radiograph of the thoracic-lumbar spine. 
Since pathology was present, a spot-film for more detail and contrast was 
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Figure 12.11. Examples of fixed voltage techniqu 
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igure 12.12. Examples of fixed voltage technique with children 


requested. By using the same exposure factors, reducing the distance from 
36 to 30 inches and using a cylinder cone, we obtained the radiograph shown 
in Figure 12.8. 

Figure 12.9 is a radiograph of an air-contrast colon employing 100 Kv.P., 
15 Ma.S., 36-inch FFD, 8-1 grid. 

Figure 12.10 shows pathology at the level of the first lumbar vertebra. Note 
the detail and contrast shown at the level of L-1 and 2 and L-4 and 5. The 
exposure factors were 85 Kv.P. and 150 Ma.S. 

Other examples of fixed voltage are shown in Figure 12.11, and of fixed 
voltage technique for children in Figure 12.12. 


HIGH-KILOVOLTAGE TECHNIQUE 


It is possible to produce films of as good quality with high kilovoltage as 
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Figure 12.13. Examples of high kilovoltage technique 





with low or medium kilovoltage. It is not necessarily a fact that radiographs 
produced by high kilovoltage are gray and flat. Inappropriate selection and 
control of milliampere seconds have been the most common errors when 
employing higher kilovoltages. The use of a 12-to-1 or a 16-to-1 grid and 
limiting the area of exposure are of primary importance. 

Actually the only limit imposed on the amount of kilovoltage that might be 
employed in medical radiography is the limitation of contrast (long-scale). 
The limit of course is the point at which the contrast scale becomes so long 
that diagnosis becomes doubtful. To maintain contrast at the higher kilovolt- 
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4 





ure 12.13 continued. 

ages the use of a 12-to-1 or a 16-to-1 grid is essential; however, chest radiog- 
raphy may be done up to 150 Kv.P. with a 7-to-1 or 8-to-1 grid. 

In the United States many departments use up to 130 Kv.P. There has been 
a general acceptance of an increase in the average voltage used in routine 
radiography. Voltage above 100 Kv.-P. is being used for various radiographic 
examinations—notably, radiographic examinations of the gastro-intestinal 
tract, colon, air-contrast colon, pelvimetry, and lateral lumbar-sacral spine, 
and also non-screen grid exposures. 

Supervoltage technique in chest radiography to visualize lesions over- 
shadowed by bone have been done by Pendergrass, Tuddenham, and others. 

See Figures 12.13 and 12.14. 


ure 12.14. Examples of high kilovoltage technique. 
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EXPOSURE GUIDE FOR FIXED HIGH-KILOVOLTAGE TECHNIQUE AT 100- 
120 Kv.P. 


Tube 
Grid 
Cone 


Filter 

Projection 

Thickness 

Distance 

Regular film with cardboard holder 
No-screen film 

Screens, medium 

Screens and grid 

Development 





Cervical 


Thoracic 


Lumbar 


Super Dynamax rotating-anode 
16-to-1 ratio 

Double diaphragm Videx (V) and/or collimator 
Cylinder cone (C) 

3 mm. external, '/, mm. internal 
Proj 

Cm 

FFD 

F 

NS 

S 

SG (16-1) 

5 minutes at 68° or automatic 


4 
= 
® 
” 
x 
x 
3D 

















Note: Automatic processing will require some adjustment in exposure factors. 
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C 


m 


26-32 
Lat — 
32-38 
19-23 
Pelvis AP. 
23-27 
23-26 
Abdomen A.P. 
26-32 


22-25 
——— 
Gallbladder | P.A. 25-31 


ieaeal 
31-33 


23-28 
Pregnancy A.P. —| 








Region 


Lumbar, 
cont. 


28-34 

24-27 
Pelvimetry oat 27-32 

32-36 





23-26 


Small 
Placenta Medium 


Large 













G.I. 
and 


colon | 22-27 | 27 


27-32. | 












Tear | (eeese ated 
fem], [we | [1] 









FFD | Guide Ma.S. 


25 SG 
V-14 
30 SG 


ican 
25 SG 
AS xa hZ, 
50 SG 
25 SG 
V-10 
40" 30 SG 100 SG 


















50 SG 
| pee Same acai ote somes] V-10 
75 SG 
10 x 12 
100 SG 
—_—————_ 
V-14 


VAC NZ 

















G./. series and colon 







To 
Film 


33.3 jsasse | 


ane tty" 
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Lungs P.A. 
Obl. 





Lat. 
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Bronchogram—with grid cassette 


Cm. 
Range 


20-24 

ee 
27-30 
30-34 
19-23 
23-30 


hee eee 


30-35 


27-29 
29-33 


33-40 








FFD 
10 SG 
15 SG 
20 SG 
30 SG 
10 SG 
Pe 
20 SG 
40 SG 
15 SG 
25 SG 
30 SG 


60 SG 











100 











P.A. chest six-inch air-gap technique (see p. 229) 











Part 





Forearm 


Position 


PA. 


All 


Avg. Cm. 
Thickness 








Elbow 










Humerus 


Shoulder 
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Lateral 


AP. 








13-16 


Suggested Ma.S. 


2.5 





a 


7.9 


2.08 






Selected Ma.S. 












V-14 


14x17 
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Avg. Cm. Suggested Ma.S. Selected Ma.S. 


Part Position | Thickness | Kv.P. | Cb. H.* | Ine? | Screen | Screen | Dist. | Grid 


Os calcis | Axial Pee Pe 40 2.08 40 No 





Ankle 75 3.33 40 No 


Leg Lateral 8-11 25 40 No 

Knee A.P. 11-14 eS 40 16:1 
oo ——o Je 

Knee Lateral 10-13 6.67 40 16:1 


Patella Axial 83 40 No 





Leg 





Femur AP. 14-17 7.9) 40 16:1 


Femur Lateral 13-16 6.67 40 16:1 


*Cb. H.: Cardboard holder and regular filter. 
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EXPOSURE GUIDE FOR FIXED KILOVOLTAGE TECHNIQUE AT 150 Kv.P. 


Avg. Cm. Suggested | Selected 
Thickness | Kv.P. Ma.S. Ma.S. | Dist.| Screen| Grid 




















Pelvis 150 5 40 Yes | 16:1 
Lumbar spine 150 SD eae Yes | 16:1 
Lumbar spine Oblique 150 oe aa Yes | 16:1 
Lumbar spine 150 ae aes Yes | 16:1 
Lumbar spine 150 ee Yes | 16:1 
Lumbar spine Lateral - 150 ss Yes | 16:1 
Lumbar spine Lateral - 150 Yes | 16:1 
Dorsal spine - 150 Yes | 16:1 
Cervical spine Bea 150 Dae Yes | 16:1 
Cervical spine Oblique 10-13 150 eae Yes No 
Cervical spine Lateral 11-14 el aces || No 





Atlas & axis 40 16:1 


on 
Nh 
= 
a 
< 
oO 
o 
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Avg. Cm. 
Thickness 





Position 






Lumbo-sacral jt. 





Lumbo-sacral jt. 







Lumbo-sacral jt. 





*Slow breathing. 














Lateral 













Occiput 18-21 150 3.75 


Sinuses 





























Sinuses Frontal 18-22 150 Yes 
Sinuses Open-mouth Yes 
Sinuses Lateral Yes 








Mastoid Lateral 14-17 150 1.5 















12-15 





Mandible P.A. 150 








Mandible Lateral 10-13 76 


21-24 150 5 
11-14 150 1 














Nose Lateral 


ane Cm. Suggested | Selected 
Position Thickness | Kv.P. Ma.S. Ma.S. | Dist. 


20-25 150 


“ 














Esophagus 


Esophagus 


= 
oa 
oO 
a 


Stomach 


ou 
> 
aK 
it 
ny 
IN) 
re) |( ea 
ala 
One 
Silo 
ala 


Colon post evac. 


AO ea) 
>| > 
eile 
8 
mM | 
pm | 
cue 
a} on 
SOF oO 
N |] oO 
ao 


Gallbladder 


2 
re.) 
NI 


Abdomen 
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Lateral 





Lateral 





Chest Lateral 


Oblique 





Oblique 


Oblique 














““Suspend respiration. 









Pregnancy 5 40 Yes |16:1 





Average 











Lateral 34-38 12.5 40 Yes 16:1 





Pregnancy 





All technical factors are based on the use of regular film and medium speed intensifying screens. 
Radiation should be confined to an area no larger than the size of film. 

To radiograph a part smaller than the indicated average centimeters — halve Ma.S. 

To radiograph a part larger than the indicated average centimeters— double Ma.S. 

Technical factors are based on 5 min. development at 68° in supermix chemicals. If 3 min. de- 
velopment is preferred, increase developer temperature to 75° or use automatic processing 
Caution: Carefully observe tube rating chart when using 150 Kv.P. 

Courtesy of X-ray Department, General Electric, Milwaukee 1, Wisconsin. 


HIGH-KILOVOLTAGE AIR-GAP TECHNIQUE 


It has been well established that the part to be radiographed should be as 
near to the film as possible in order to obtain sharpness in the radiographic 
image. 

As stated previously, definition or detail is good or bad according to the 
contrast in the radiographic image. Contrast depends partly on the amount 
of scattered radiation reaching the film, and a means must be provided for 
reducing the scatter to the film. Scattered radiation can be reduced by cones, 
diaphragms, and grids. Scattered radiation can also be reduced by an air 
gap such as used in fractional-focus radiography. Watson has used an air- 
gap technique for radiography of the chest in large patients without a grid 
by increasing the part-film distance by six inches and employing a 10-foot 
focus-film distance (Figures 12.15 and 12.16). 
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oq 
x, 
Figure 12.15. High kilovoltage air-gap technique, Figure 12.16. High kilovoltage air-gap techniqu: 
with pathology: 125 Kv.P 150 Kv.P. 


Table 12.3 AIR GAP CHEST TECHNIQUE 


Measuring reference: With the patient in position, measure the thickness through the thorax at 
the level of the sixth thoracic vertebra. 


Intensifying screens, non-grid, 120-inch focus-film distance, 6-inch air gap. 


Kv.P. 125 
Anterior 
Lateral 

Cm. range Ma.S. Cm. range Ma.S. 
16-17 1.6 22-23 tS 

18-19 25 24-25 5 
20-21 3.3 26-27 6.6 
22-23 By 28-29 8.3 

24-25 6.6 30-31 10 
26-27 75 32-33 13.3 
28-29 83 34-35 16.6 

{ 36-37 20 

Oblique 38-39 25 

Cm. range Ma.S. 40-41 30 

99-93 66 Lordotic 

24-25 8.3 Cm. range Ma.S. 
26-27 10 18-19 6.6 
28-29 13.3 20-21 8.3 

30-31 16.6 22-23 10 
32-33 20 24-25 13.3 
34-35 25 26-27 16.6 


ADDITIONAL EXPOSURE GUIDES 


To adapt any technique to another machine, make a radiograph of any one 
part. Process the film under standard conditions and study the film on a 
standard illuminator. Make the necessary change in Kv.P. or Ma.S. to pro- 
duce a film of the quality desired. This change will hold true for all parts of 
that group. 
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BRONCHOGRAM WITH GRID CASSETTE (5-TO-1 RATIO) 


3 72 
28-29 3 

3 

3 












Position 


V-14 
V-14 


Lateral 


24-27 00 1/20 15 100 
00 1/12 24- 100 72 

30-34 00 1/10 30 72 
19-23 100 1/15 6.5 72 
24-30 300 1/15 20 72 
31-35 00 1/10 

100 

300 

300 

300 







Oblique 








V-14 
30 











Position Cm. thickness Distance 


ANGIOCARDIOGRAPHY 


Radiographic technique 


Regardless of the apparatus used, angiocardiograms must exhibit maxi- 
mum detail, contrast, and latitude. The exposure requires an increase in 
density over that of the average chest radiograph, and it is wise to make a 
“control radiograph” prior to the actual procedure. 


POSITIONS FOR ANGIOCARDIOGRAPHY 


Anomalous pulmonary vein 
Aorta 

Pulmonary disease 

Cor pulmonale 
Eisenmenger's 

Interatrial defect 
Interventricular defect 

Left ventricular enlargement 
Mediastinal tumors 

Patent ductus 

Effusion 

Pulmonary artery aneurysm 
Pulmonary stenosis 
Rheumatic heart disease 
Right aortic arch 

Right ventricular enlargement 
Superior vena cava 
Tetralogy 

Transposition 

Tricuspid atresia 


PA. 
L.A.O.—P.A. 
P.A. 
P_A.—Lat. 
L.A.O.—Lat. 
L.A.O.—P.A. 
L.A.O.—P.A. 
P.A.—Lat. 
L.A.O. 

PA. 
Lat.—P.A. 
Lat.—P.A. 
L.A.O.—R.A.O. 
PA. 


L.A.O.—P.A.—R.A.O. 
P.A. 
P.A.—Lat.—L.A.O. 
Lat.—P.A. 

P.A.—Lat. 
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NORMAL TIME OF OPACIFICATION AFTER 
BEGINNING OF INJECTION 


Structure Structure 
Sup. vena cava 0.5—1.5 sec Pulmonary veins 5.0— 7.0 sec. 
Right atrium 1.0—2.0 sec Left atrium 5.0— 8.0 sec. 
Right ventricle 1.5—2,.5 sec Left ventricle 7.0—10.0 sec. 
Pulmonary artery Thoracic aorta 7.0—10.0 sec. 
and branches 2.0—3.5 sec Abdominal aorta 9.0—12.0 sec. 


ANGIOCARDIOGRAPHIC EXPOSURE 


Ma. Ma.S. Time Kv.P. 


Adult 
A.P. 300 5 1/60 100 
Obl. 300 10 1/30 100 8-to-1 Grid 
Lat. 300 20 1/15 100 
Child 
A.P 300 5 1/60 75 
Obl 300 5 1/60 85 
Lat. 300 5 1/60 95 
Premature 
A.P. 300 5 1/60 70 
Obl. 300 5 1/60 80 
Lat. 300 5 1/60 85 
CEREBRAL ARTERIOGRAM 
Short-scale contrast technique 
Adult— Lateral Adult—A.P. 
Grid cassette Grid: 8-to-1 
Ma.S.: 40 Ma.S: 40 
Kv.P.: 65 Kv.P.: 75 
Dist.: 36 inches Dist.: 36 inches 
CEREBRAL ARTERIOGRAM 
Long-scale contrast technique 
-12 cm 7.5 Ma.S 85 Kv.P. 
13-17 15 Ma.S 85 Kv.P Lateral 
17-20 20 Ma.S 85 Kv.P 
Grid: 8-to-1 Cone: To part 
-15 cm. 15 Mas. 85 Kv.P. 
16-21 30 Ma.S 85 Kv.P AP. 
22-26 40 Ma.S 85 Kv.P 
VENOGRAM ADULT 
Proximal femur and lower leg Distal femur and lower leg 
Dist.: 60 inches Dist.: 60 inches 
Film: 36 inches Film: 36 inches 
Screens: medium Screens: medium 
Grid: 8-to-1 Grid: none 
Ma.S.: 30 Ma.S.: 15 
Kv.P.:75 Kv.P.: 75 
Barium plastic or aluminum filter No additional filter 
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MAGNIFICATION TECHNIQUE (30-INCH 30-INCH) 


No grid Regular film Par-speed screens 


Ma.S. Kv.P. 
Hip 70 85 
Mandible lat. 50 55 
Mastoid 
Law 50 80 
Stenvers 50 75 
Nose 20 50 
Optic foramen 100 80 
Shoulder 25 75 
Sinuses 
frontal 50 80 
Waters 100 80 
lateral 50 70 
skull lat. 50 80 
Towne 125 85 
Cervical, A.P. 50 65 
Odontoid 50 72 
Lateral 50 65 
Thoracic, A.P 70 85 
Lumbar, A.P. 70 85 
Extremities 10—2 times cm., plus 40 Kv.P 
no-screen 50—3 times cm., plus 45 Kv.P 


Courtesy —Clark R. Warren, R.T. 
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Appendix A. THE APPLICATION OF 
RADIOGRAPHIC FUNDAMENTALS 


A general review 


A good radiograph is the net result of favorable conditions with respect 
to two basic physical factors; contrast and definition (detail). Contrast is 
determined by the relative intensities in the x-ray image pattern which 
reaches the film. These are determined primarily by subject contrast, the 
ratio of relative opacity to x-rays between parts of the object under con- 
sideration. This in turn, determines how this pattern will be rendered as 
radiographic densities. 

Definition or detail is affected by screen resolution (which is determined 
by the size of the crystals in the intensifying screens), graininess in the 
emulsion on the film, unsharpness due to motion of the body part, and 
penumbra due to geometric conditions. 

It cannot be said that definition is more important than contrast or vice 
versa, for in a radiograph with insufficient contrast, brightnesses over the 
area are too nearly the same for satisfactory discrimination, while with poor 
definition, areas of different densities merge into one another so gradually 
that the diffuse image cannot be interpreted. 


Experiment 


A number of radiographs of the skull in lateral projection were made with 
various Changes in order to study the affects of detail, density, distortion, 
and contrast. The same subject was used in all examinations, as well as the 
same cassette and screens. 


Figures A.1toA.15. Radiographs of the skull. To be correlated with the film numbers in Table A.1 





Figure A.1 
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Densitometer readings were made for all radiographs and as a check, 
additional radiographs were made to substantiate the original data. It should 
be noted, the illustrations do not indicate the true contrast and density of 
the original radiographs. 

A satisfactory lateral radiograph of the skull, Figure A.1 was made employ- 
ing the following factors: 


1 mm focal spot 36-inch focus-film distance Regular film 

Medium screens 100 Ma. Cone: to part 

8-to-1 ratio Bucky 7, second (10 Ma.S.) 2 mm Al filter 
85 Kv.P. 


Development: 5 minutes at 68 degrees F. 


A number of changes in the above factors, to be made one at a time with- 
out compensation are suggested below. Opposite each suggested change, 
indicate the effect you believe it would have on each of the radiographic 
qualities listed. 

Table A.1 CHANGES TO BE MADE 




















Film Density Magnification | Measurement 
no. Change Detail | Density | reading |Contrast | or distortion of nickel 
ce | | Pe [ee 

2. Develop 5 minutes at 75 
degrees 77 2.8 
3. Use 48 inch focus-film 
distance 4 PAT 
4. Increase object-film dis- 
tance, 4 inches 62 + 3.2 
5. Use 2-mm focal spot (at 
10 Ma.S.) 78 28 
6. Tabletop non-Bucky 2 2.75 
7. Use 58 Kv.P. 27 28 
a 
11. 100 kv P . | 132 era 28 
12 3.33 MaS. : 25 (cea 28 
ee aniieeron 2 55 ee ee 28 
14. Develop 2 minutes at 68 
degrees = 31 0 28 
15. Use 30-inch focus-film 
distance + 95 = id 2.9 
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If any quality is decreased indicate by marking the appropriate square 
with a minus mark (—). 

If any quality is increased indicate by marking the appropriate square 
with a plus mark (+). 

If there is no change in a quality, mark with a zero (0). 

Results: 

The radiographs, reproduced as Figures A.2 through A.15, show the 
changes that occur with each suggested change in the chart. The densitom- 
eter reading for radiograph A.1 is .65. The density reading for radiographs 
A.2 through A.15 are shown in the chart. 

To check on magnification, either increasing or decreasing, a nickel was 
measured and found to be 2.6 cm. A radiograph was then made with the 
nickel placed on a 2-inch square of paraffin. The radiographic image was 
then measured and found to be 2.8 cm. This was then used as a guide for 
evaluating the skull radiographs, regarding magnification and distortion. 





Figure A.2 Figure A.3 





Figure A.4 Figure A.5 
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eA6 Figure A.7 





Figure AQ 





Figure A.11 
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Figure A.12 Figure A.13 





Figure A.14 Figure A.15 
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Appendix B. SENSITOMETRY 


Everyone engaged in radiologic technology or radiology wants to know 
how a particular film in use will react to x-rays, especially its sensitivity, its 
contrast, and the stability of these properties in practice. 

When we are evaluating the quality of an x-ray film we generally test it in 
comparison with another type of x-ray film whose properties we already 
know. If we want to make an accurate comparison between two or more 
films to decide which would be best to use for a particular purpose — that is, 
we want to assign them quantitative values—we have to use a sensitometric 
method with bands or steps of density. This procedure consists of exposing 
successive stepped areas on the film, starting with the fog density, “no 
exposure,’ and going up to the maximum density obtainable. These ex- 
posures are so produced that the amount of radiation used can be accurately 
measured and varied as required. 

After the film is processed the different degrees of blackening, or photo- 
graphic densities, are measured, using a densitometer. A graph is drawn 
from these values, with the incident x-radiation plotted along the abscissa 
(the division of the horizontal scale). When the points so plotted are joined 
by a smooth curve, a ‘“‘characteristic curve’ of the film is obtained. This 
enables one to establish, by simply reading, the blackenings of the film in 
question and the amounts of radiation necessary to produce them. This 
curve will not be valid for exposure and development conditions which are 
markedly different from those used to make it. The shape of the characteristic 
Curve, its slope, its horizontal position relative to the axis, and as a conse- 
quence, the values which it gives will vary considerably according to the 
conditions of development, the duration of exposure (reciprocity failure), 
and the tube voltage. 

A characteristic curve is, in its production and its interpretation, much like 
a patient's temperature chart, which is also a graph with a horizontal axis 
(abscissa) and a vertical axis (ordinate). In the temperature chart, the hours 
of the day are set up along the abscissa and the patient's temperature is set 
up along the ordinate. When the points that have been plotted on the chart 
are joined with a line, we have the temperature curve. It is not necessary for 
the doctor to examine each individual point on the graph; a glance at the 
complete curve tells him instantly how the patient is progressing. It is much 
the same with the characteristic curve. Along the abscissa are plotted the 
x-ray dosages, while the densities produced are plotted in the vertical di- 
rection. The scale used along the abscissa can be graduated in several 
different ways: it can be divided into ‘‘r’ units, in Ma.S. of exposure time fora 
given tube voltage, or thicknesses of an absorbent material such as alumi- 
num, copper, or paraffin, to obtain an ‘absorption scale.” In all cases suc- 
cessive steps of the film receive increasing amounts of x-radiation according 
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Figure B.1. The characteristic curve of a typical 
medical x-ray film, exposed with intensifying screens 
of calcium tungstate 


to a predetermined series. After development the film strip, a “stepped” 
set of densities is obtained—a sensitometric strip. 

The simplest method is based on a time scale, that is, successive areas on 
the film are exposed for regularly increasing times, while all other factors 
are kept constant. The blackenings (densities) of the successive steps are 
measured on a densitometer. (Note that ‘fog’ is density without any ex- 
posure; speed is expressed by the lateral position of the curve; and film con- 
trast is determined by the slope of the curve.) 

Qualitatively, the two basic factors that affect the density of a film are (1) 
exposure factors and (2) processing conditions. Each specific type of film 
has various characteristics, only one of which is its sensitivity to light or 
x-rays. If the film has a high sensitivity, then for a given rate of exposure the 
exposure time will be small: and the film is referred to as being fast or having 
a high speed. The speed of the film, or the efficiency with which the film 
responds to exposure, is determined by the amount of exposure that is 
necessary to produce a certain density after controlled processing. The 
sensitivity of the film to light or x-rays determines in turn the density of the 
finished product. Thus, the quantitative relationship between exposure, 
processing, and the inherent density qualities of film is determined by the 
measurement of the sensitivity of the film, i.e., the sensitometry. Sensitometry 
is defined as the ‘science of controlling exposure and processing and 
measurement of the resultant density.’’ Those properties which influence the 
relationship between exposure, processing, and density are known as the 
sensitometric properties. 
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While a thorough understanding of sensitometery is not necessary to the 
radiologic technologist, a working knowledge of the sensitometric properties 
of all types of films is essential before undertaking any changes in radio- 
graphic techniques, making quantitative measurements, or determining 
which brand of film is best suited for individual departments. 
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Appendix C. RADIATION DOSE TO THE SKIN: 
OPTIMUM KILOVOLTAGE TECHNIQUE 





Region 


Chest 


Chest bronchi 
(w/opaque 
media) 


Chest bronchi 
(w/opaque 
media) 


Chest bronchi 
(w/opaque 
media) 


Skul} 
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Projection 


Posteroanterior 


Oblique 


Lateral 


Posteroanterior 


Oblique 


Lateral 


Posteroanterior 
Oblique 
Lateral 
Posteroanterior 
Oblique 
Lateral 


Lateral 


Posteroanterior 


Anteroposterior 


Towne 


Thickness 
Range 
(cm.) 


18-20 
21-24 
25-27 


19-23 
24-30 
31-35 


-26 
27-32 
33- 


20-24 
25-27 
28-30 


19-23 
24-30 
31-35 


24-27 
28-29 
30-34 


Child 2 to 
10 yrs. 


Infant 


12 
13-17 
18 


17 
18-21 
22 


15 
16-23 
24 


17 
18-24 
25 
Cylinder cone 


Mas. 


Ky. 
Peak 


100 
100 
100 


100 
100 
100 


100 
100 
100 


Film 
Size 


VASA 
14 x 17 
14x 17 


14x17 
14 x 17 
14x17 


14 x 17 
14 x 17 
14 x 17 


14x 17 
14x 17 
14x17 


14 x 17 
14x 17 
14 x 17 


14 x 17 
V4 SCZ, 
14 x 17 


11x14 
11x14 
11 x14 


8x10 
8 x10 
8x10 


10x 12 
10 x 12 
10x12 


8x10 
8x10 
8x10 


8x10 
8 x10 
8x10 


8x10 
8x10 
8x10 


FFD 


(in.)|No Filter 


(cor- 
rected) 


017 
-025 
-037 


-017 
-056 
.107 


-064 
.094 
W119 


.074 
“115 
-159 


.047 
soz 
«292 


Snide 
199 
291 


.0670 
-0697: 
-0830 


-0562 
-0645 
.0727 


-385 
-563 
924 


-676 
1.21 
1.85 


-858 
1.44 
2.16 


1.80 
2.56 
3.39 


Skin Dose in (r) 


1 2 
mm. mm. 
Al Al 
.009 .006 
.013 -009 
019 013 
013 .009 
.028 019 
-054 -037 
.031 021 
.044 .029 
-052 .037 
.041 .026 
-062 -040 
-080 .055 
.025 -016 
.082 .055 
-130 -092 
-062 041 
-101 069 
-132 092 
.0327| .0222 
.0354| .0244 
-0430} .0300 
-0265} .0155 
.0320} .0218 
.0374| .0259 
-177 13 
-346 -214 
458 -310 
.330 +227 
-605 .398 
912 -580 
406 -284 
725 476 
1.10 -698 
-885 -605 
1.26 -812 
1.40 1.06 
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Skin Dose in (r) 






























































Thickness FFD 
Region Projection Range (in.)|No Filter 3 
(cm.) (cor- mm. 
rected) Al 
—— a 
Mento-Vertex 36] 1.90 -456 
36 | 2.66 .642 
36 | 3.43 -810 
oid Law 30 .539 1S 
30} 1.02 -203 
30] 1.58 .320 
Cylinder cone 
Stenvers WA 30] 1.017 -203 
18-21 30] 1.58 -320 
Cylinder cone 
C Posteroanterior 30 -676 .135 
30] 1.58 .320 
30 | 2.27 -432 
dible Posteroanterior 30] .676 .135 
30] 1.20 .240 
30] 1.81 -360 
Cylinder cone 
Lateral 9 30 094 .014 
10-14 30 nail .035 
Cylinder cone 
23 Lateral .016 
.039 
.075 
Caldwell .156 
-250 
.360 
Sphenoid -156 
-300 
.480 
Maxillary -156 
-300 
.480 
Cylinder cone 
ical spine Anteroposterior 11 .077 
12-15 -128 
16 -176 
Lateral 9 .087 
10-13 .019 
14 .026 


Oblique 
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Skin Dose in (r) 

































Thickness Kv. Film FFD 





Region Projection Range Peak Size |(in.)|No Filter : 
(cor- mi 
rected) / 
Dorsal spine Anteroposterior TO \) 7 XVZ |S Onlaloe 3 
79 ZX VASO Nee oe ap! 
ZO) 7 X17) Solon 7 
Lateral ws 
1.6! 
2.6: 
Lumbar spine Anteroposterior «2! 
oD 
a 
Oblique A! 
«6: 
9 
Lateral 1.5( 
3.5% 
4.8( 
Lateral 1.75 
L-5 3.94 
5.2 
Cylinder cone 

Pelvis Anteroposterior 15-19 -5( 
20-23 -65 
24 9) 
Hip Anteroposterior 15-19 -5( 
20-23 “ 
2 
Lateral 1.04 
ie 
2.0 
Abdomen Anteroposterior ey 
6 
9 
Lateral 8 
1.5 
2.0 
Gallbladder Posteroanterior 14 
24 
54 
Colon Posteroanterior; a 
anteroposte- 4 
rior 1.0$ 

Air contrast 
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Skin Dose in (r) 











Thickness Ky. Film FFD 
Region Projection Range Mas. Peak Size |(in.)|No Filte 1 2 3 
(cm.) (cor- mm. mm. mm. 
rected) Al Al Al 
Chassard Small 50 SG | 100] 14x 17] 36] 3.75 2.26 E28 eels 
Lapine Medium 80 SG | 100] 14x17] 36] 8.58 4.16 2.80 |2.16 
Large 100 SG } 100 |] 14 x 17] 36 }13.75 6.10 4.14 {2.95 
, Anteroposterior; 20-23 100 SG 75|14x17] 36]| 4.46 1.94 1.22 |0.84 
metry) supine 24-28 150 SG 75 \VA XW 9367.09 Sezil 1.95 11.43 
29-33 200 SG 75 | 14x17] 36 113.64 5.24 3.68 |2.52 
; Anteropostericr Small 100 SG } 100} 10 x12] 36] 7.21 3.94 2.45 |2.05 
Thoms Medium LSOISGHI MOON MO Sai FS6n128 6.79 3.83 |3.39 
Large 200 SG | 100] 10 x 12] 36 |21.45 10.40 7.00 {5.40 
Lateral Small 80 SG | 100} 1417] 36] 5.80 3.44 2.08 {1.64 
Medium 100 SG } 100| 14x17] 36] 9.62 4.87 3.32 |2.47 
Large 150 SG | 100] 14 x 17] 36 |18.15 8.26 5.80 |4.20 
nta Lateral Sma!l 12.5 SG | 100] 14x 17] 36 -907 .538 To20N | azZoO 
Medium 25 SG | 100} 14x17] 36] 2.41 ea -830 | .620 
Large 40 SG | 100] 14x17] 36] 4.84 2.20 1.54 1.12 
Posteroanterior 2 40 F 50] 8x10] 36 .588 .168 .092 | .074 
Sino) 50 F 50 8x10] 36 761 220) 25} OO 
6 60 F 50) 8 10) 36 957 .287 -162 | .126 
Lateral 7-10 120 F 50} 8x10] 36] 1.958 ron .36 .264 
11 150 F 50} 8x10] 36] 2.68 .88 51 .36 
der Anteroposterior 9-11 7.5 SG 80} 8x10] 36 .249 .108 .075 | .053 
12-16 12.5 SG 80] 8x10] 36 478 Qi: -146 | .105 
17-18 15 SG 80} 8x10] 36 .640 .291 20) 9) 2132 
Lateral 5 60 F GO} MOA 2eS Oni iialio .36 .24 .18 
6-9 70 F 60}10x12] 36] 1.46 .455 .336 | .228 
10 80 F 60|10x12] 36] 1.64 .687 384 | .256 
alcis Axial 4-8 60 F SON MS Sal NSG) leg 5 TAS) Lao) .398 
9-13 100 F 80) 18x 110)| (36) |) 3252 1.56 1.13 TD 
14-18 125 F 80 SSO} |e3.6nlo 02 2.30 1.60 {1.10 
fibula Anteroposterior 8 5 SG 80} 7x17] 36 -170 -065 .05 .034 
9-12 10 SG 80] 7x17] 36 33 144 -100 | .070 
Ns} 15 SG 80 Zao .574 .261 AON ell 26 
Lateral 7 2:5 SG 80] 7x17] 36 .077 .031 .022 | .017 
8-11 3.2 SG 80) 7 < 117/36 -105 .046 .032 | .023 
12 5 SG 80 7X NF 36 .574 .078 056 | .038 
Anteroposterior 9 5 SG 80] 8x10] 36 .170 .065 .05 .034 
10-14 6.5 SG 80 8x 10] 36 .229 -101 .073 | .049 
1S 10 SG 80 8 x 10] 36 -401 .184 -128 | .088 
Lateral 8 5 SG 80 8><10)|/"36 -170 .065 -05 .034 
9-13 6.5 SG 80] 8x10] 36 .229 101 .073 | .049 
14 Too 80} 8x10] 36 .301 .138 096 | .066 
ach Rrahifcntercs Sa 20SG} 90|10x12| 36] 1.02 | .500] .340] .262 
th barium) posterior 18-22 40 SG 85}10x 12} 36] 2.02 -982 -641 | .477 
| 23-26 80 SG 8511012] 36] 4.34 Dea 1.38 1.09 


| 
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Appendix D. RADIATION DOSE TO THE SKIN: 
TISSUE MEASUREMENT TECHNIQUE 





Region 


Ches} 


Chest bronchi 
(w/opaque 
media) 


Skull 


Mastoid 


Projection 


Posteroanterior 


Oblique 


Lateral 


Posteroanterior 


Oblique 


Lateral 


Latera! 


Posteroantericr 


Anteroposterior 


Towne 


Mento-Vertex 


Law 


Thickness 
Range 
(cm.) 


18 
21 
27 


19 
24 
31 


12 

14 

a7 
Cylinder cone 


Mas. 


60 SG 
60 SG 
60 SG 


100 SG 
100 SG 
100 SG 


100 SG 
100 SG 
100 SG 


125 SG 
125 SG 
125 SG 


125 SG 
125 SG 
125 SG 


60 SG 
60 SG 
60 SG 


Ky. 
Peak 


Film 
Size 


Skin Dose in (r) 





FFD 
(in.)|No Filter 
(cor- 
rected) 
Tie .037 
72 .045 
72 .054 
72 .079 
72 -097 
72 ae7 
Tae -109 
72 a2 
Tom OZ, 
72 .043 
72 .046 
72 .058 
TD .090 
72 -116 
7/72 144 
72 US. 
72 .130 
72 alo 
Ziey|| UaliZ/ 
SOullEso 
36] 1.98 
36 | 3.00 
S6ulnsl53 
Soul 4es2 
36 | 2.53 
36)i|) S253 
36 | 4.96 
SOI o-70 
36 | 4.42 
36} 6.55 
36 | 4.43 
36 | 5.09 
36 | 8.35 
SOMES 
30] 2.18 
30} 2.88 


1 2 
mm. mm. 
Al Al 
.017 -011 
021 014 
.027 -018 
.037 -024 
-047 -032 
-071 -050 
.054 -037 
-062 .043 
-071 -050 
.020 -013 
.022 .015 
-030 -020 
.042 -028 
.059 -040 
.076 .052 
.061 -042 
-068 .048 
-080 -057 
432 -258 
-540 -318 
£42 -546 

1.26 81 
1.53 -98 
2.02 1.28 
1.00 -62 
153 -98 
2.32 1.50 
eos 1.01 
1.91 1.10 
34 1.74 
1.91 1.10 
2.30 1.45 
3.49 2.15 
-60 -336 
770 462 
1.056 661 


mn 
A 


01 
01 


Dan wr 


See ee 
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Skin Dose in (r) 






Thickness 
Projection Range 





Size (in.)|No Filter 1 2 
(cor- mm. mm, 


rected) Al Al 


mm. 
Al 











1.408 c 
1.58 994 
2.18 


-976 


























Stenvers 17 


-978 


Posteroanterior 17 


Posteroanterior 15 


_ 
nN 
nN 


Lateral 9 


Caldwell 17 


Maxillary 17 


Anteroposterior 10 


cal spine 


Lateral 9 


Oblique 9 


il spine 


Anteroposterior 19 


Lateral 30 


Anteroposterior 
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Skin Dose in (r) 





Thickness Ky. Film FFD 
Region Projection Range Mas. Peok Size |(in.)|No Filter, 1 
(cm.) (cor- mm. 
rected) Al 
Lumbar Spine Oblique 17 100 SG 66110 x12] 36 | 3.00 1.26 
19 100 SG 70) |) 110) 1:2) S6ulearos 1.53 
23 100 SG TE N\NO XK V2 SGnleaeze 2a, 
Lateral 26 200 SG 84 110% 12] 36 |11.12 5.84 
28 200 SG 88 |10 x 12] 36 {15.80 7.50 
33 200 SG PE NNOS 12) Soul 2Sr3 11.50 
Spot L-5 26 250 SG 84] 8x10] 33 [21.2 9.05 + 
28 250 SG 88 | 8x10] 33 |26.0 10.4 
33 250 SG 98 | 8x10] 33 |38.7 18.20 
Pelvis Anteroposterior 15 100 SG 62 |14 x17] 36 | 2.49 1.0 
20 100 SG 7211417] 36 | 3.74 1.66 
24 100 SG 80 |14 17] 36 | 4.98 2.32 
Hip Anteroposterior 15 100 SG 627) 14 5C 17 SGN 249 1.0 
20 100 SG 72 V4 17.36) |Nai7 4 1.66 
2A. 100 SG 80 |14 x17 | 36 | 4.98 2.32 
Lateral 19 100 SG 7.0) || 810) |S Gui estos 1.53 
22 100 SG 76] 8x10] 36 | 4.30 2.02 
25 100 SG 82) || 8)< 110) | S6n 5:22 2.67 
Abdomen Anteroposterior 15 80 SG 62:5) TAZ Son Mege, -80 
20 80 SG Tid V4 SOVZa Sn estoy, 1.33 
25 80 SG 82 |14 x17] 36 | 4.18 23 
Lateral 26 80 SG 78 |}14 17) 36 | 3.78 1.74 
28 80 SG 82514 x17 (S60 |a65 2.60 
32 80 SG 92 |14x17]| 36 | 8.35 3.70 
Gall bladder Posteroanterior 14 80 SG 60 |10 x12] 36 | 1.82 .720 
19 80 SG ZON MOD 12)\ "3 6nlez83 1.23 
23 80 SG 78 |10 x12] 36 | 3.78 1.74 
Colon (air Anteroposte- 16 20 SG 88 |14 17] 36 979 -468 
contrast) rior; postero- ei 40 SG 88°} 14°>< 117 136") 2213 1.08 
anterior 27 80 SG 90: || 14% 17 | 36 | 35:75 2.84 
Pelvis Anteroposte- 20 100 SG 72\\V4 XZ) | 36") 3:74 1.66 
(Pelvimetry) rior; supine 28 100 SG SETA 7. S6n7-76 3.75 
33 100 SG PBN 4 << V7 Sonal 5.62 
Pelvis Anteroposterior 24 200 SG 80 |10 x12] 36 |] 9.94 4.64 
Thoms 30 200 SG 92 |}10 x12] 36 |18.7 8.60 
35 200 SG | 100 | 10 x 12} 36 [27.5 22 
Lateral 26 200 SG 84110 x12] 36 {11.1 5.84 
30 200 SG 9211012] 36 |18.7 8.60 
34 200 SG |} 100 | 10 x 12 | 36 {27.5 12.2 
Hand Posteroanterior 2 50 NS 360 SX ONS 403 .10 
4 50 NS 40] 8x10] 36 -515 14 


-625 18 
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Skin Dose in (r) 


Thickness Ky. Film 
legion Projection Range Mas. Peak Size o Filte 
(cm.) (cor- 
rected) 


Lateral 


jer Anteroposterior 


Icis 
fibula Anteroposterior 
Lateral 
Anteroposterior 
Lateral 
ch 82 
barium) 88 


86 





F=Regular film with cardboard holder. 

S=Medium speed screens, regular film. 

3=8:1 Lysholm grid and/or 8:1 Bucky grid. 

>= Medium speed screens and 8:1 Lysholm grid and/or 8:1 Bucky grid. 

chnical Factors: Development, 5 min. at 68° F.; 2 mm. Al filtration; 4 valve tube full wave machine; cone to film. 
F=Regular film with cardboard holder. 

S=Non-screen film with cardboard holder. 

S= Medium speed screens. 

>= Medium speed screens and 8:1 Lysholm and/or 8:1 Bucky grid. 

chnical Factors: Development, 5 min. at 68° F.; 2 mm. Al filtration; rotating anode tube; 4 valve tube full wave 

ne; cone to film. 

The kilovoltage variation per centimeter thickness was determined by the formula kv. peak=2Xcem. thickness-++ 30 
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Appendix E. X-RAY UNIT TROUBLE SYMPTOMS 





Symptoms 


Probable causes 





ir 


No x-ray (lights and 
meters on control do not 
indicate) 


Line switch open 


What to do 


Check wall switch. 





Main fuse out 


Auxiliary fuse out in control 





3. No x-ray (contactor closes 
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. No x-rays (lights and 


meters indicate but con- 
tactor does not close; no 
thump or noise in control) 


but MA meter does not 
indicate) 


Auxiliary fuse out in control 


Timer motor not turned on 


Have electrician check and 


replace fuse. 


Same as above 


Same as above 


Check timer scale switch and 


setting. 





Timer set above safe exposure 
time (if equipped with safety 
limit switches) 


Same as above 





Circuit breaker not pushed in 


Bucky not latched 


Check. 


Check and latch. 





Bucky electrical release de- 
fective 





Interlocking safety switches 
not properly set. 


Defective MA meter 





X-ray tube filament not lighted 


Set Bucky for longer time, at- 


tach string to manual re- 
lease on Bucky, and release 
manually. 


Recheck setting of all 


switches. 


Check for x-rays from tube by 


placing open cassette on 
table, darkening room and 
making exposure with tube 
directed toward screen. If 
no fluorescence is seen, 
follow checks below. 


. Check filament meter set- 


ting if there is one. 


. Observe tube filament 


through port with main 
switch on. 


. Check position of over- 


under table switch. 


. Check setting of focus 


selector switch if there is 
one. 


. Make sure that shockproof 


cables are properly at- 
tached at both x-ray tube 
and transformer. 





Symptoms 


4. MA meter fluctuates 


5. MA meter indicates too 
low. 


Probable causes 





Appendix E 


What to do 





6. Flex cathode cable and ob- 
serve tube filament with 
control turned on to check 
for broken lead in cable. 


KV selector on dead button or | Check KV selectors and line 
making poor contact compensation selector 
switch. 





Check for loose connection of 
cable. 


Loose connection of cathode 
cable either at x-ray tube or 
transformer 


Manual over-under table high 
tension switch making poor 
contact because of improp- 
erly meshed switch blades 


Check and reset high-tension 
switch. 





Put mirror on table and direct 
x-ray tube toward it. Make 
exposure and watch for 
bluish-green fluorescence 
in x-ray tube. 


Gassy x-ray tube 

Note: Slightly gassy x-ray tube 
can be operated at reduced 
MA temporarily, if MA meter 
holds constant at lower MA 
values. 


Varying power line. Observe 
KV line comp. and filament 
meters. 


Consult power company and 
have one of its electricians 
make test with recording 
voltmeter. 





Improperly set focus switch if | Check and reset switch. 
machine is equipped with 


one. 


Check and reset switch. 


Improper filament setting 


Valve filament burned out. 
Meter approx. '/, value 


If machine is equipped with 
valve tube filament meter, 
find out what proper indica- 
tion should be. Low (25%) 
filament amperes means 
burned out valve filament. If 
no valve-filament meter is 
Provided but valve tubes 
can be observed, check that 
all are lighted. If one valve 
is out, consult x-ray tube 
rating chart. (Caution! Use 
half-wave or self-rectified 
ratings and operate at re- 
duced MA until valve tube is 
replaced.) 


Check connections at both 
ends of cathode cable and 
make sure that they are 
tight. 


Poor connection of cathode 
cable at x-ray tube or trans- 
former 
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Symptoms Probable causes What to do 


Defective MA meter or wrong | Recheck filament setting and 


meter scale scale if provided with man- 
ual switch. 
6. MA meter indicates too Filament setting too high Check and reset filament con- 
high. trol. 

Wrong meter scale Check position of MA meter 
scale, change switch if ma- 
chine is so equipped. 

Gassy x-ray tube (meter flicks | Place mirror on table and 

up) direct x-ray tube toward it. 
it. Make exposure and 
watch for bluish green fluo- 
rescence in x-ray tube. 

Improper filament setting due | Reduce filament setting until 

to aging of x-ray tube proper MA is obtained. 
7. Circuit breaker pops or Filament setting too high re- Recheck filament setting. 
jumps out and opens up sulting in excessive MA 


exposure circuit. 





KV set too high Recheck setting. 


Punctured shockproof cable Examine both shockproof 
cables carefully over entire 
length for any evidence or 
odor of burning. 


Gassy x-ray tube Examine x-ray tube with mir- 
ror as described previously. 





Gassy valve tube Call for service. 


8. Inconsistent radiographic | Error in setting of technical Recheck settings for MA.-Kv. 

results factors Exposure time, distance, 
use or non-use of cones, 
grids, filters, angulation of 
x-ray tube. 


Error in measurement or esti- | Remeasure patient, taking 
mation of size of part to be into consideration variations 
examined in patient types. 





Variations in film speeds 


Variations in screen speeds 
(screen contact) 


Failure to observe time and 


temperature development 


Exhausted developing solu- Change solutions frequently. 
tions 
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Symptoms Probable causes What to do 


Line voltage variation Observe all meters on control 
panel during day to check 
for variations. 





Poor connecting in filament Check connections at both 
circuit ends of cathode cable to 
make sure they are right. 





Partial shockproof cable Observe MA meter during 
puncture long exposure (2 to 3 sec.). 
If it fluctuates rapidly ex- 
amine both shockproof 
cables carefully over entire 
length for any evidence or 
odor of burning. 





9. Synchronous grid lines— | Bucky time dial set too long Adjust Bucky time dial to 
handlatch Buckys slightly different setting. 





Bucky time dial set too short | Adjust Bucky time dial to 
slightly different setting. 


Exposure time too short 





Air in Bucky timing device Aim x-ray tube away from 
table, remove cassette tray, 
make long (2-3 sec.) Bucky 
exposure while holding 
hand on grid to check for 
smooth operation. 





Identification marker catching 
on grid 





10. Grid lines—reciprocating | Selected exposure times too 
Buckys close to initial travel time 





Identification marker catching 
on grid 








Present generators and how they relate to radiographic quality 


The most widely used type of generator operates on a single-phase power 
line. When provided with full-wave rectification, its kilovoltage output fluc- 
tuates between zero and a peak value in a manner that produces two im- 
pulses per cycle. 

A second type of generator operates on a three-phase power line. It uses 
twelve rectifiers and a full-wave circuit, and produces a pattern of six im- 
pulses per cycle. 

A third type of generator also operates on the three-phase power line, and 
it uses twelve rectifiers and a full-wave circuit, that produces a power of 
twelve impulses per cycle. With this type of rectification, the kilovoltage 
can be considered to be almost constant. 
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GENERAL QUESTIONS 


1. When making films to be viewed in a standard stereoscope, the amount 
of shift required is determined by the 


a. Focus-skin distance 
b. Focus-film distance 
c. Bucky-film distance 
d. Object-film distance 


2. Magnification can be decreased by 
a. Increasing object-film distance 
b. Decreasing object-film distance 
c. Increasing Ma.S. 
d. Decreasing focus-film distance 


3. Poor screen contact results in 


a. Half-moon shadows on the film 

b. Black streaks on the film 

c. Blurring of the radiographic image 
d. Decreased time in the developer 


4. The greatest density would be obtained by using 
a. 25 Ma. and 1/,; second 
b. 50 Ma. and '/,, second 
c. 100 Ma. and '/,, second 
d. 10 Ma. and '/, second 


5. The quantity of x-rays is dependent upon 
a. Kv.P. 
b. Ma.S. 
c. Ma. 
d. Time 


6. When going from an 8-to-1 grid to a 16-to-1 grid, you should increase the 
Kv.P. by 

a. 4 Kv.P. 

b. 6 Kv.P. 

c. 12 Kv.P. 

d. 16 Kv.P. 
7. When a 16-to-1 grid is employed, the distance that should be used is 


a. 36 inches 
b. 48 inches 
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General Questions 


c. 40 inches 
d. 72 inches 


8. Artifacts on a finished radiograph result from 


a. Poor screen contact 

b. Rough handling of the film 
c. Insufficient Ma.S. 

d. Exhausted hypo 


9. Which of the following directly influences the radiographic contrast? 


10. 


13. 


ali 


a. Ma. 

b. Ma.S. 
CoIKVAR2 
d. Time 


Which of the following directly influences the radiographic density? 
a. Kv.P. 
b. Ma. 


c. Ma.S. 
d. Time 


. Which item below will increase the exposure to the patient’s skin? 


a. Using the collimator 
b. 3 mm. of aluminum 
c. Low Kv.P. and High Ma.S. 
d. High Kv.P. and Low Ma.S. 


. Gamma radiation is measured by 


a. Voltmeter 
b. Ammeter 
c. Geiger counter 
d. Galvanometer 


Which of the following would not require a sterile technique? 


a. Myelogram 
b. Urography 
c. Planogram 
d. Arteriogram 


. The quality of the x-ray beam is determined by 


a. The kilovoltage 

b. The Ma.S. 

c. The size of the focal spot 
d. The size of the target 


A patient comes into your department with a foreign body of the abdo- 


men. It would be better to 


a. Fluoroscope first 

b. Take a flat film of the abdomen first 
c. Operate first 

d. Put the patient to sleep first 
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16. Like poles of a magnet 
a. Repel each other 
b. Attract each other 
c. Do not affect each other 
d. Heat each other 


17. When heat is applied to the filament of an x-ray tube 
a. Electrons are emitted 
b. X-rays are emitted 
c. Protons are emitted 
d. Neutrons are emitted 


18. The time required to develop a film (manual processing) is dependent 
upon 

a. The amount of developer in the tank 

b. The size of the developing tank 

c. Temperature of the developer 

d. Temperature of the hypo 


19. When doing a barium enema, the barium fluid should always be 


a. At least 6 feet above the table 
b. At least 3 feet above the table 
c. At least 9 feet above the table 
d. At least 12 feet above the table 


20. The Ma. for a routine fluoroscopy should be 


a. 0.2 to 0.4 Ma. 
b. 3 to 5 Ma. 

c. 10 to 20 Ma. 
d. 5 to 8 Ma. 


21. An arthrogram is a study of the 


a. Skull 
b. Kidneys 
c. Knee 
d. Eye 
22. The primary purpose of a filter used in the diagnostic x-ray machine is 
a. To reduce contrast in the radiograph 
b. To reduce scattered radiation 


c. To reduce the skin dosage 
d. To increase the x-ray beam wave length 


23. What is a rad? 


a. A unit of electrical pressure 

b. The basic measurement of radiation absorbed by living tissue 

c. A measurement of a designated portion of the primary x-ray beam 
d. A unit of electrical resistance 


24. The chief advantage of high Kv.P. (over 100) in radiographs of heavy 
people is 

a. To reduce the exposure time 

b. To decrease latitude 
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20). 


26. 


if 


28. 


29) 


30. 


31. 


General Questions 


c. To increase penetration 
d. To improve contrast 


Density in a radiograph is 

a. Differences between the black and whites 
b. Over-all blackness of the radiograph 

c. The amount of distortion of the object 

d. Clearness and sharpness of the image 


What is a teleoroentgenogram? 

a. A.P. view of the right hip 

b. P.A. chest film taken at 72” distance 

c. Lateral view of the odontoid 

d. Lateral view of the chest at 36” distance 


Which of the following is not a portion of the colon? 
a. Cecum 

b. Transverse colon 

c. Sigmoid 

d. Ilium 


Which of the following terms is not used to measure radiation? 
a. Rads 

b. Milliroentgen 

c. Milliamperes 

d. Roentgen 


Name the tissue that is more sensitive to radiation 
a. Brain 

b. Skin 

c. Muscle 

d. Gonads 


The primary function of Ma.S. is to 
a. Increase detail 

b. Increase penetration 

c. Improve contrast 

d. Regulate density 


Long exposures are used to the best advantage during an examination 


of the 


32. 


a. Chest and heart 

b. A.P. abdomen 

c. Lateral cervical spine 
d. Lateral dorsal spine 


In the A.P. projection of the lumbar-sacral articulation, the central ray 


is projected 


a. Caudad 10° 

b. Caudad 15° to 35° 
c. Cephalad 15° to 35° 
d. Cephalad 5° 
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33. In the P.A. Caldwell projection of the frontal sinuses, the central ray is 
angled caudad 

a. 10° 

bres: 

Cuicsr 

d. 30° 


34. In order to flatten and straighten the spine, an A.P. projection of the 
lumbar-sacral spine is taken with 

a. The knees and feet together 

b. The knees flexed and feet flat on the table 

c. The knees extended and toes internally rotated 

d. The patient sitting up 


35. Elon has what function in the developer (manual) ? 


a. As preserver 

b. As restrainer 

c. As alkali or activator 

d. As developing or reducing agent 


36. Potassium bromide has what function in the developer (manual)? 
a. Fixing 
b. Washing 
c. Restraining 
d. Activating 


37. What is the optimum time-temperature for the development of maximum 
contrast in the radiograph in manual processing? 


a. 3 minutes at 68° 
b. 4 minutes at 63° 
c. 5 minutes at 68° 
d. 6 minutes at 69° 


38. What type of filter is used over the safelights in the darkroom? 


a. Wratten 5-B 
b. Wratten 10-B 
c. Wratten 6-B 
d. Bratten 6-B 


39. What is the purpose of potassium alum in the fixer solution (manual)? 


a. To acidify the solution 
b. To preserve the film 
c. To fix the film 

d. To harden the film 


40. How often should you change the developer (manual)? 


a. When you are told to do so 

b. When you run out of replenisher 
c. When fixation occurs 

d. When oxidation occurs 
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41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


General Questions 


Chemical fog is caused by 
a. Overexposure to x-rays 
b. Light leaks 

c. Aged developer 

d. Improper coning 


Stains on intensifying screens caused by darkroom chemicals (manual) 


a. Will have no effect on the finished radiograph 

b. Will cause light spots on the finished radiograph 

c. Will cause black spots on the finished radiograph 
d. Will not affect the quality of the intensifying screens 


What is the purpose of the stop bath (manual)? 


a. To activate the developer 

b. To stop the developing process 
c. To add acetic acid to the fixer 
d. To preserve the film 


A grayish yellowish strip at one end of the film is caused by 


a. High developing level 
b. High hypo level 
c. Low developing level 
d. Low hypo level 


Small white marks on the finished radiograph may be caused by 


a. Static because of impact 

b. Dirty cassettes 

c. Inadequate washing after hypo 
d. Hot solutions 


A strip of transparent film at one end of the film (manual) is caused by 


a. Low hypo 

b. Low hypo and high developer 
c. High hypo and low developer 
d. Low hypo and low developer 


Transfer of image from one film to another is caused by 


a. Old developer 

b. Excessive heating of wet emulsion during processed drying 

c. Slight contact of emulsion surfaces of two films in the developer 
d. Slight contact of emulsion surfaces of two films in the hypo 


Excessive density throughout the finished radiograph is caused by 


a. Underexposure 
b. Overexposure 

c. Cold solution 

d. Defective screens 


The current flowing between the transformer and the rectifier is 


a. Direct current 
b. Alternating current 
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c. Pulsating current 
d. High-frequency current 


50. Electrical pressure, or potential difference, is measured in 
a. Amperes 
b. Volts 
c. Watts 
d. Ohms 


51. X-rays travel at a speed of 


a. 189,000 miles per hour 
b. 186,000 miles per second 
c. 198,000 miles per second 
d. 186,000 miles per hour 


52. If one is checking the timer of a full-wave rectified x-ray machine, the 
number of dots recorded on the film should be as follows: 


a. At'/,, of asecond: d. At '/, of a second: 


6 2 
12 3 
S 6 
16 4 
b. At'/,, of asecond: e. At'/.) of asecond: 
2 2 
4 1 
6 3 
8 4 
c. At '/,, of asecond: 
2 
4 
5 
6 
53. The safe tolerance amount of whole-body radiation per week is about 
a. 0.6r 
basin 
© 001 & 
d. 0.3r 


54. The acetabulum is 
a. The socket for the malleolus 
b. The groove for the optic nerve 
c. Housing for the pituitary gland 
d. The socket for the hip 


55. What is the atlas? 


a. 5th L.S. spine 
b. 1st dorsal spine 
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General Questions 


c. 1st cervical spine 
d. 5th dorsal spine 


56. The semicircular canal is located 


a. In the external auditory meatus 
b. In the internal auditory meatus 
c. In the frontal portion of the skull 
d. In the maxillary sinuses 


57. The lordotic view of the chest is used to demonstrate the 


a. Heart 

b. Apex of the lungs 

c. Ribs 

d. Diaphragm 
58. To judge if your position is correct in the mentovertex view of the skull, 
on the radiograph you should visualize the 

a. Foramen magnum 

b. Optic foramen 

c. Foramen ovale 

d. Sphenoid sinuses 


59. Under 100 Kv.P., the percentage of energy in the cathode stream which is 
converted into x-rays is 

a. 60 to 100 per cent 

b. Less than 1 per cent 

c. 10 per cent 

d. 3 to 5 per cent 


60. A good insulator is 
a. Aluminum 
b. Tin 
c. Water 
d. Oil 


61. Following manual development, the film should be placed in a stop bath 
for at least 


a. 2minutes 
b. 3 minutes 
c. 1 minute 
d. '/, minute 


62. The emulsion on an x-ray film consists of 
a. Silver nitrate and cellulose 
b. Silver bromide and gelatin 
c. Silver nitrate and gelatin 
d. Cellulose and acetate 
63. The fixed-voltage technique uses 
a. Fixed Kv.P. and varied Ma.S. 
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b. Fixed Ma.S. and varied Kv.P. 
c. Fixed Kv.P. and fixed Ma.S. 
d. Varied Ma.S. and varied Kv.P. 


64. Which of the following materials is not generally used in x-ray-therapy 
filters 

a. Aluminum 

b. Tin 

c. Copper 

d. Brass 


65. The purpose of the filter used in x-ray therapy is to 
a. Change the quality of radiation 
b. Limit the area of exposure 
c. Increase the average wave length 
d. Increase the amount of radiation 


66. The total amount of filtration (including inherent filtration) for the aver- 
age diagnostic machine is 

a. 1.5mm. of Al. 

b. 4.2 mm. of Al. 

c. 3.5mm. of Al. 

d. 2.5mm. of Al. 


67. High speed screens are made with 
a. Small crystals 
b. No crystals 
c. Large crystals 
d. Silver bromide 
68. In making a P.A. radiograph of the wrist, the hand should be placed ir 
a. Supination 
b. Flexion 
c. Pronation 
d. Extension 
69. Rotation of the body in positioning for a radiograph is primarily to over- 
come 
a. Superimposition 
b. Magnification 
c. Motion 
d. Discomfort 


70. The primary purpose of a KUB is to show 


a. The urogenital diaphragms, kidneys, and ureters 
b. Bladder, ureters, and kidneys 

c. Pelvis, femur, and bladder 

d. Chest, diaphragm, and kidneys 


71. Match the prefix with the meaning 


Retro- a. Above 
Dys- b. After 
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72. 


73. 


74. 


sy 


General Questions 


Hyper- c. Through 
Peri- d. Under 
Hypo- e. Large 
Macro- f. Behind 
Semi- g. Across 
Trans- h. One 
Uni- i. Half 

j. Around 

k. Difficult 


Match the landmark to the part 


. Inflammation of a bursa 
Inflammation of the paranasal sinuses 


Glenoid cavity a. Shoulder 
Radius b. Scapula 
Styloid process c. Elbow 
Navicular d. Forearm 
Innominate bone e. Ulna 
Patella f. Mandible 
Medial malleolus g. Ankle 
Cuboid h. Skull 
Foramen magnum i. Pelvis 
Lamina j. Foot 

k. Knee 

|. Wrist 

m. Lumbar spine 
Match the meanings: 
Arthritis a. Inflammation of the mastoid 
Carcinoma b. Inflammation of the skin 
Bursitis c. Cancer 
Dermatitis d. Tumor of bone 
Sinusitis e. Inflammation of bone 
Mastoiditis f. A piece of dead bone 
Osteoma g. A tear 
-oma h. Inflammation of a joint 
-osis i. Condition or state 
Ostitis j. Tumor 

k 
I. 


The left side of the brain controls the 
a. Left side of the body 

b. Neither side of the body 

c. Right side of the body 

d. Both sides of the body 


The cystic duct is associated with the 


a. Kidney 
b. Colon 
c. Heart 
d. Gallbladder 
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76. Match the name of the study with the part: 


.V. cholangiogram a. Heart 
Bronchogram b. Cystic duct 
Salpingogram c. Bronchial tree 
Ventriculogram d. Gallbladder 
Venogram e. Parotid glands 
Angiocardiogram f. Veins of legs 
Cerebral arteriogram g. Abdominal aorta 
Sialogram h. Urinary tract 
i. Colon 
j. Uterus and tubes 
k. P.A. chest film 
|. Fluid-containing space of brain 
m. Arteries of the brain 


77. When necessary, you can decrease your time by one-half if you increase 
your Kv.P. by 

a. 20 per cent 

b. 15 per cent 

c. 10 per cent 

d. 5 per cent 


78. You cannot use planography to its best advantage for 
a. The skull 
b. The L.S. spine 
c. The finger 
d. The chest 


79. Magnification distortion is used to advantage in making good radi- 
ographs of the 

a. Femoral neck 

b. Gallbladder 

c. Heart 

d. T.M. joints 


80. In the examination of the gallbladder, a lateral decubitus view is usually 
taken to show 

a. Mobility of gallbladder 

b. Layering of gallstones 

c. Dye content of the stones 

d. Increased density of the gallbladder 


81. In the P.A. projection of the chest, the shoulders are rolled forward to 


a. Raise the diaphragm 

b. Decrease part-film distance 

c. Give true heart size 

d. Remove the scapulae from the lung field 
82. X-rays were discovered in 

a. 1795 
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General Questions 


b. 1895 
c. 1869 
d. 1902 


The father of x-rays was 
a. Coolidge 

b. Fuchs 

c. Whithead 

d. Roentgen 


84. The first vacuum tube was made by 


85. 


a. Coolidge 
b. Crooks 
c. Roentgen 
d. Hudson 


In order to make any visible change in a radiograph using the fixed- 


voltage technique you have to increase 


86. 


87. 


88. 


89. 


90. 


a. 20 Kv.P. 
b. 5 Kv.P. 
c. 10 Kv.P. 
d. 15 Kv.P. 


High Kv.P. results in 


a. Long wave lengths 

b. Short wave lengths 

c. No wave lengths 

d. Short and long wave lengths 


Long wave lengths result in 

a. Short scale contrast 

b. Ma.S. 

c. Long scale contrast 

d. No contrast 

Dental films are available in several sizes, including 
a. Proximal 

b. Periapical 

c. Komberg 

d. Bite-wing 

The compound most commonly employed in intensifying screens is 
a. Calcium carbonate 

b. Silver bromide 

c. Sodium carbonate 

d. Calcium tungstate 


Continued fluorescence of a screen after exposure is called 


a. Bucking 

b. Warping 

c. Lag 

d. Large crystals 


275 


FORMULATING X-RAY TECHNIQUES 


91. The exposure timer cord on a bedside unit should be at least 


a. 2 feet long 
b. 4 feet long 
c. 6 feet long 
d. 8 feet long 


92. The amount of radiation received by the patient and the technologist is 
greatest in 

a. A radiograph of the wrist 

b. A barium enema using 2 minutes fluoro 

c. AP.A. chest taken at 72 inches 

d. A radiograph of the L.S. spine 


93. The sharpness of detail of a thin part is increased by the use of 


a. No screens 

b. High-speed screens 
c. High-speed film 

d. A collimator 


94. The sharpness of detail in a radiograph is decreased by the use of 
a. A grid 
b. A decrease of 10 Kv.P. 
c. A large focal spot 
d. Increased Ma.S. 


95. The following disease is always hard to penetrate: 


a. Carcinoma 

b. Hyperparathyroidism 
c. Paget’s disease 

d. Emphysema 


96. The structures not shown in aP.A. of the wrist are the 


a. Radial and ulnar styloid process 
b. Metatarsal bones 

c. Metacarpal bones 

d. Navicular 


97. In the following, check the items which you believe demonstrate a frac- 
ture of the external malleolus: 


A. Part to be radiographed: C. Position of the part: 

1. Foot 1. Standing 

2. Knee 2. Prone 

3. Hip 3. Supine 

4. Ankle 4. Lateral 

B. Central ray directed to the: D. Accessories to be used: 
1. Foot 1. Screens 

2. Knee 2. Screens and grid 

3. Ankle 3. Potter Bucky 

4. Hip 4. Cone 
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98. The ideal views to demonstrate a fracture of the metatarsal bones are 


a. Lateral and P.A. 

b. Standing A.P. 

c. A.P., lateral and oblique 
d. Lateral and oblique 


99. The radiographs which may be taken to demonstrate free air in the peri- 
toneal cavity are the: 

a. A.P. upright 

b. Lateral decubitus 

c. A.P. supine 

d. Transabdominal 


100. In the lateral projection of the wrist, it is important to 
. Pronate the wrist 15° 

. Flex the fingers 

. Extend the hand 

. Superimpose the radius and ulna 


(ol tel top {s\) 


101. Indicate which of the following is located in the right upper quadrant of 
the abdomen: 

a. Spleen 

b. Appendix 

c. Hepatic flexure 

d. Descending colon 


102. Indicate which of the following is not located in the pelvic area: 


. Ovaries 
. Sigmoid 
. Kidneys 
. Rectum 


On ory) 


103. Which of the following is not used for an anatomical reference point? 


a. Iliac crest 

b. Symphysis pubis 
c. Umbilicus 

d. Suprasternal notch 


104. Beta rays consist of high-speed 


. Neutrons 
. Electrons 
. Protons 
. Atoms 


aoo0 » 


105. In order to show the nasopharynx to its best advantage, we would take 
a lateral radiograph of the 

a. Chest 

b. Cervical spine 

c. Lateral skull, slow inspiration 

d. Soft tissue of cervical spine 
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106. Medical x-ray film should be kept in a 


a. Wet, cool place 
b. Dry, cool place 
c. Hot, wet place 
d. Hot, dry place 


107. In an illuminator the following type of bulb should be used: 
a. 15-watt, daylight-type bulb 
b. 20-watt, incandescent 
c. 100-watt, daylight-type bulb 
d. Any type you have 


108. When a cylinder cone is employed, all other factors the same, Kv.P. 
should be increased 

a. 10 Kv.P. 

DEMISIKVAPS 

c. 25Kv.P. 

Ca IKVAR: 


109. A grid ratio is determined by the relationship of the 
a. Length to the width of the strips 
b. The width to the space 
c. The height to the width of the strip 
d. None of the above 


110. The cushion between vertebrae is called the 


a. Intervertebral disc 

b. Spinous process 

c. Transverse process 

d. Intervertebral foramina 


111. The coccyx is composed of 
a. 12 vertebrae 
b. 4 fused vertebrae 
c. 8 well-developed vertebrae 
d. None of the above 


112. The xiphoid process is located in the 
a. Pelvis 
b. Abdomen 
c. Sternum 
d. Shoulder 


113. Loss of the ability to smell most commonly occurs when there Is an 
abnormality of the 

a. Nose 

b. Frontal bone 

c. Cribriform plate 

d. Zygomatic process 
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114. The alveolar border is located in the: 
a. Foot 
b. Temporal bone 
c. Parietal bone 
d. Mandible 


115. The crista galli is found in the 
a. Sphenoid bone 
b. Ethmoid bone 
c. Hard palate 
d. None of the above 


116. The following is not found in the structure of a healthy tooth: 
a. Crown 
b. Root 
c. Neck 
d. Cavity 


117. If you took a film of the bicipital groove, you would have a radiograph 
of the 

. Skull 

. Elbow 

. Humerus 

mIEOOt 


» 


oo) o 


118. The two large soft spots at the top of a child’s skull at birth are called 
a. Parietals 
b. Lambdoidals 
c. Coronal sutures 
d. Fontanelles 


119. In viewing a flat film of the abdomen, the muscle usually visualized is 
the 


a. Psoas muscle 

b. Deltoid muscle 

c. Triceps muscle 

d. None of the above 


120. In the lateral projection of the skull, the interpupillary line is 
a. Angled 5° to the film 
b. Perpendicular to the film 
c. Parallel to the film 
d. None of the above 


121. The flow of electricity is 


a. From negative to positive 
b. From positive to negative 
c. 151,000 miles per hour 

d. None of the above 
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122. Match the following: 


Stat. a. 
b. Focal film distance 
c. Kilovoltage 
d. Grid 

SWG e. 
f 
g 
h 


NPO 
CR 
FFD 


Kv.P 
16-to-1 


Cardboard 


Central ray 


. Screens with grid 
. Nothing by mouth 
. Rush 


123. The orbital-meatal line for the Waters view is at 


a. 20° 
Darcie 
©, ZS 
d. 30° 


124. The epidermis is the name of 
a. The inner layer of skin 
b. The outer layer of skin 
c. Sweat glands 
d. None of the above 


125. Match the following: 


Anterior 
Superior 
Internal 
External 
Posterior 
Proximal 


a. Upper 
b. Lower 

c. Front 

d. Back 

e. Close to 

f. Away from 
g. Inside 

h. Outside 


126. The type of glass used on an illuminator is 
a. Clear glass 
b. Tinted glass 
c. White opal glass 
d. None of the above 


127. In radiography of the L.S. spine for a disc, prior to the myelogram, the 
views normally taken are 


a. A-P. 
b. Obliques 
c. Lateral 


d. All of the above 


128. Complete the following sentences: 
a. The front of a cassette is made of ; 
b. The light from intensifying screens is _________ in color. 
c. The light from a fluoroscopic screen is _______ in color. 
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d. The type of film that cannot be used with automatic processing is 


e. The optimum developing time for hand processing is for 
= minutes. 


f. Intensifying screens are made of 
g. Fluoroscopic screens are made of 
h 
i. 
j. 





. Non-screen film is used for ____——__— parts. 
Screen ‘afterglow’ is called ' 
Poor screen contact results in _______ of the radiographic image. 

129. Define: 
a. Medial i. Cephalic 
b. Lateral j. Caudad 
c. Anterior k. Plantar 
d. Posterior |. Supine 
e. Superior m. Prone 
f. Inferior n. Flex 
g. Proximal o. Extend 
h. Distal 


130. Name the bones comprised in the knee joint. 
131. Name the bones of the cranium. 

132. How many pairs of ribs are there? 

133. What is the acetabulum? 

134. What is a sesamoid bone? 

135. Name the sections of the spine and the number of vertebra in each 
136. Draw and label the colon. 

137. Name the main divisions of the urinary tract. 
138. What are the fingers and toes called? 

139. Where is the gallbladder located? 

140. What joint do the carpals form? 

141. What joint do the tarsals form? 

142. In what bone are the mastoid cells found? 
143. Where is the occipital protuberance? 

144. Name the nasal accessory sinuses. 


145. Match the following: 


Manubrium a. Ankle 
Atlas b. Hand 
Malleolus c. Pelvis 
Glenoid fossa d. Shoulder 
Metacarpals e. Sternum 
lleum f. Cervical 
Os calcis g. Knee 
Patella h. Hip 
Symphysis pubis i. Foot 
Olecranon process j. Small bowel 
k. Sphenoid 
|. Elbow 
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146. 
147. 


148. 
149. 
150. 
Wel. 
ils 
153. 
154. 
leo} 
156. 
oie 
158. 
so: 


160. 


161 


162 


163. 
164. 
165. 
166. 
167. 
168. 
169. 
170. 
Halle 
172. 
173. 


282 


FORMULATING X-RAY TECHNIQUES 


Draw and label the parts of the stomach. 
Define the following: 


a. Median plane 

b. Saggital plane 

c. Canthomeatal line 

d. Acanthiomeatal line 

e. Interpupillary line 

The clavicle articulates with the _____ and ____. 
The bones of the forearm are ___ and 2 

The bones of the lower leg are the ________ and the 

The styloid process is part of the _______ bone (skull). 
The term vertex refers to the _______ portion of the skull. 


The appendix is connected to the —__ 
Where is the glabella? 

Where is the xiphoid process? 

To what joints is the navicular related? 
Name the four quadrants of the abdomen. 
Where are the kidneys located? 

The olecranon is related to what joint? 


Match: 
Acromion a. Liver 
Coronoid process b. Temporal 
Petrous c. Facial bone 
Gallbladder d. Spleen 
Lacrimal e. Scapula 
Sphenoid f. Mandible 

g. Ischium 

h. Sella turcica 


To what do the following terms refer: 


a. Cephalic c. Adduction 
b. Extrinsic d. Abduction 


Define the following prefixes: 


a. anti- d. sub- g. lateral 
b. hypo- e. supra- h. antero- 
c. intra- f. median- . |. postero- 


Name nine systems of the human body. 

Define articulation, lumen, shaft, sinus, and symphysis. 
What system is the periosteum in? 

In what extremity is the metacarpal? 

Where is the talus? The calcaneus? Tibia? Navicular? Scapula? Patella? 
Where is a disc found? 

Where is the suprasternal notch? 

Where is the zygomatic bone? 

Where is the mastoid process? 

Where is the mediastinum? 

What does auditory refer to? 


General Questions 


174. How many chambers does the normal heart have? Name them. 

175. What is the function of a vein? 

176. What does the biliary system carry? 

177. Name two ways in which the biliary tract can be visualized. 

178. What passes through the foramen magnum? 

179. In order to show the forearm in the lateral projection, the elbow is 
flexed at _____ ° and the thumb must be in the _____ position. 

180. In order to show the coronoid process of the elbow, free of super- 
imposition, we must have the elbow in the ___ position. 

181. With the elbow in acute flexion, we normally would be showing a clear 





view of the _________ process. 
182. In the medial oblique position of the foot, we rotate the leg medially 
until the sole of the foot forms an angle of approximately _______° to the 


plane of the film. 

183. In the plantardorsal projection of the os calcis, the patient is in which 
of the following positions: supine, prone, lateral, or standing? 

184. If we were to take a radiograph of the bicipital groove, we would be 
making a radiograph of the : 

185. In order to show the lateral thoracic spine to its best advantage, we 
would use a_, ___ technique. 

186. In the A.P. radiograph of the lumbar spine, the knees and feet are in 
what position? 

187. For scoliosis we normally would take an A.P. projection in the 

position and include from the ____ to the third or fourth thoracic vertebra. 
188. In the A.P. projection of the sacrum the central ray is directed approxi- 
mately _______° towards the : 

189. In the anteroposterior projection of the coccyx we would normally 
direct the central ray _______° towards the : 

190. If you were asked to show the anterior and posterior clinoid processes, 
you would normally take a radiograph in the lateral projection ofthe 

191. In radiography of the lumbar spine for a possible disc prior to a myelo- 
gram study, what three views would we normally take? 

192. In the case of spondylolisthesis, we would normally take a spot film of 


193. In order to show the nasopharynx to its best advantage we would nor- 
mally take a lateral radiograph of the —____—s on — 

194. In order to show the abdominal aorta we would normally takea 

position of the 

195. Indicate in the right- -hand column whether presence of the pathological 
state listed on the left makes the part being radiographed easy to penetrate 
or hard to penetrate. 


Pathology Easy to penetrate 
Emphysema 

Arthritis 

Hydrocephalus 


Hard to penetrate 






















Osteoporosis 
Atrophy 
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196. An x-ray technique from Hospital A for the A.P. skull calls for 85 Kv.P., 
20 Ma.S., 36-inch focus-film distance, medium screens, 8-to-1 grid. It is 
desired to adapt this technique to your hospital. What procedure would 
you follow in making this technique work in your department? 

197. When secondary radiation and Ma.S. are controlled, kilovoltage be- 
comes a factor of radiographic 

198. Exposure latitude is the range between exposure and 
exposure that can be used to produce a diagnostically acceptable radi- 
ograph. 

199. Great exposure latitude can be secured by using higher kilovoltage. 
It also can be secured by the use of and film. 

200. The only limit to the kilovoltage that can be used in radiography is the 
limitation imposed by 

201. If you are using a technique at 60 Kv.P. and wish to cut the time in half, 
how much kilovoltage do you add? 

202. The principal factor in controlling the penetration of x-rays is 
203. The principal factor in controlling density is 

204. The wave length of an x-ray beam is determined by : 

205. The quantity of x-rays received at a given point is primarily dependent 
on ¥ 

206. What factors in an x-ray exposure must be changed to produce in- 
creased density? 

207. Magnification in a radiograph can be lessened by the use of ———_. 
208. Cones, stationary grids, and Bucky diaphragms are similar in that their 
primary function is to 

209. The grid ratio of the Potter Bucky diaphragm is the ratio of the 
of the lead strips to the _______ between the Strips. 

210. The two types of stationary grids used today arereferredtoasa 
gridanda grid. 


Fill in the following: 


211. Kilovoltage 


a. regulates es 

b. determines the degree of 

c. influences the production of 

d. regulates the scale of radiographic 
e. determines the degree of exposure _ 
f. influences radiographic —__ 


212. Focus-film distance 


a. influences the — and __—__ of the radiographic image. 
b. influences radiographic 


213. Milliampere seconds 


a. regulate the _____ of x-radiation admitted by the x-ray tube. 
De regqulateiadiog ahi o— 


214. Formulate a typical technique for radiography of the skull with 
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a. Variable kilovoltage technique, centimeter part thickness 
b. Fixed kilovoltage technique 
c. High-kilovoltage technique 


215. Define: 


EMF HVL Ohm Volt 
Potential FFD Ampere Kilovolt 


216. Intensity of electricity is measured in (circle one): 
Kv.P. Watts Amperage Volts Ohms 


217. The flow of electricity is from —_______ to ___—_. 

218. Atoms are composed of , and 

219. The three basic requirements for the production of x- rays : are 

220. The current flowing between the transformer and the rectifier is : 
221. The quantity of electrons in the cathode stream is dependent directly 
on =. 

222. What is the real advantage of a rotating-anode tube? 

223. What portion of the total energy delivered to an x-ray tube at the target 
is given off as x-rays? 

224. What is meant by hard rays? Soft rays? 
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1.6 2b 3.c 4.d 5.b 6b 7. c 8: b 9:3 Cc) 10NCeaii-ceema 
13. c 14.a 15.6 16.a 17.a 18.c 19. b 20: b \21ncie225curcoug 
24.a 25.b 26:'b 27. d 28.c 29. d 30d 3d) wa25cmccwcuroane 
35.d 36.c 37.c 38.c 39.d 40.d 41.c 42.b 43.b 44.d 45.b 


46.c 47.c 48.b 49.b 50.b 

51. b 52. a 12, b. 2, c. 4; d 6 e. 1 53. d 54: de 55iic SG u moan 
58.c 59.b 60.d 61.d 62.b 63.a 64.d 65.a 66.d 67.c 68.c 
69.a 70.6 71. f,k,a,j,d,e,i,9,h 72. a,d) eorh, lhl, Kignip mnie 
k, b, |, a, dj, i,e 74.¢ 75.d 76. bc, j, |, f, a, my eum SCmr oma 
80.b 81.d 82.b 83.d 84.b 85.b 86.b 87.a 88.b 89.d 90.c 
91.c 92.b 93.a 94.c 95.c 96.b 97. A4; B3; C4; D1 andD4 98.c 
99.a,b,andd 100.d 

101. c 102. c 103. c 104.b 105. c 106. b 107. b 108. d 109. d 
110. a 111. b 112. c 113. c 114. d 115. b 116. d 117. c 118. d 
119.a 120.b 121.a 122.h,g,e,b,f,c,d 123.6 124.b 125.c, a,g,h, 
d,e 126.c 127.d 

128. a. Radiolucent material, such as Bakelite or Magnelite; b. Blue; 
c. Greenish-yellow; d. Non-screen film; e. 68° for 5 minutes; f. Calcium 
tungstate; g. Zinc cadmium sulfide; h. Small (less than 12 cm); i. Lag; 
j. Blurring. 

129. a. Close to the median line or center; b. Away from the median line 
of the body; c. Towards the front; d. Towards the back; e. The upper 
part or nearer the head; f. The lower part or away from the head; g. Clos- 
est to the point of origin; h. Farthest from the point of origin; i. Of the 
head; j. Towards the tail end; k. Of the sole of the foot; |. Lying on the 
back; m. Lying face down; n.Tobend; o.Tostraighten 130. The distal 
femur and the proximal tibia 131. Cerebral cranium: frontal (1), parietal (2), 
occipital (1), temporal (2), sphenoid (1), ethmoid (1); Visceral cranium: 
maxilla (2), zygomatic (2), nasal (2), lacrimal (2), palatine (2), turbinate (2), 
vomer (1), mandible (1) 132. 12 pairs 133. The socket at the junction of 
the three parts of the innominate bone which accommodates the head of the 
femur to form the hip joint 134. One of the small accessory bones located 
in the tendons, usually at joints and bony prominences 135. Cervical spine 
(7), thoracic spine (12), lumbar spine (5), sacrum (5 fused), and coccyx (4 
fused) 136. Cecum, ascending colon, hepatic flexure, transverse colon, 
splenic flexure, descending colon, sigmoid, rectum, anus. 

137. Kidneys, ureters, bladder, urethra 138. Phalanges 139. In the upper 
right quadrant of the abdomen, usually opposite the ninth costal cartilage 
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140. The intercarpal joint of the wrist 141. The intertarsal joint of the foot 
142. The temporal bone 143. On the squamous part of the occipital bone, 
in the midline, where it helps to form the base of the skull 144. Frontal, 
sphenoid, ethmoid, and maxillary 145. e, f,a,d,b,j,i,g,c,! 146. Fundus, 
body, pylorus, duodenum, greater and lesser curvatures. 

147. a. A plane through the median line of the body as if a cut were made 
from front to back through the sagittal suture of the skull and continued 
down through the body, dividing it into equal parts. The view is of one cut 
surface. b. Any plane parallel to or in the same direction as the median 
plane. c. An imaginary line connecting the outer canthus of the eye and 
the external auditory meatus; used as a base line in positioning the skull. 
It is also called the Radiographic Base Line. d. An imaginary line running 
from the acanthion to the external auditory meatus and used as a base line 
in skull radiography. e. An imaginary line that traverses the skull from side 
to side passing through the pupils of the eyes; it is used as a base line for 
skull radiography. 

148. Sternum and the acromion of the scapula 149. The ulna and the 
radius 150. The tibia and the fibula 151. Temporal 152. Superior 153. 
Cecum 154. Above the root of the nose and between the supraorbital 
borders, onthe frontal bone 155. The iower pointed segment of the sternum 
156. The joints of the wrist and the foot 157. Right upper quadrant, left 
upper quadrant, right lower quadrant, left lower quadrant 158. Inside the 
posterior abdominal wall, in the upper abdomen, behind the peritoneum, 
between the twelfth dorsal and third lumbar vertebrae 159. The elbow 
160.e,f,b,a,c,h 161.a.Ofthehead; b. Having origin outside the structure 
or organ involved; c. Motion towards or across the midline; d. Motion 
away from the midline 162. Against; under; inside; under; above; middle 
or midline; away from the midline; to the front; to the back 

163. Circulatory, digestive, endocrine, muscular, nervous, reproductive, 
respiratory, skeletal, urinary 164. Articulation—the joint surface of a bone. 
Lumen—the channel of a tubular structure. Shaft—the body or major 
portion. Sinus—a natural cavity in the bone. Symphysis—the union of 
two paired bones. 165. Skeletal 166. The upper extremity—the hand 
167. Talus—one of the bones of the foot; it helps to form the ankle joint. 
Calcaneus—the heel bone of the foot. Tibia—one of the bones of the lower 
leg, lying medially to the fibula. Navicular—can be one of the bones of the 
wrist or one of the bones comprised in the foot. Scapula—the shoulder 
blade. Patella—the large sesamoid bone lying in front of the knee joint. 

168. Between the bodies of adjacent vertebrae 169. In the upper border 
of the sternum between the two depressions where the clavicles articulate 
170. Immediately below the orbit; it forms the prominent part of the upper 
cheek on each side 171. The part of the temporal bone which extends down 
behind the ear and contains air cells 172. The partition which divides the 
two halves of the chest cavity 173. The ear or hearing 174. Four: left 
atrium, left ventricle, right atrium, and right ventricle 175. It is part of the 
collecting system that carries blood back to the heart 176. Bile 177. Op- 
erative cholangiography and /.V. cholangiography 178. The medulla (hind- 
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brain), which is the beginning of the spinal cord 179. 90 degrees; upward 
180. Oblique 181. Olecranon 182. 30° 183. Supine 184. Shoulder 
185. Shallow-breathing 

186. For the best result, the Knees should be flexed and the feet should 
be flat on the table. This straightens the spine and brings it in closer contact 
with the film 187. Sitting or standing; fifth lumbar vertebra 188. 15°; head 
189. 10°; feet 190. Sella turcica of the sphenoid bone 191. A.P. lumbar, 
lateral lumbar, and oblique lumbar views 192. The affected vertebra, 
usually the fifth lumbar 193. Skull; slow inspiration 194. Lateral; abdomen 
195. Emphysema -— easy; arthritis —easy; hydrocephalus—easy; osteoporosis 
— easy; atrophy —easy 

196. Make an exposure at your hospital using the same factors as are 
listed for Hospital A, and also make an exposure using twice the Ma.S. and 
half the Ma.S., all other factors remaining the same. From these resulting 
films, choose the best; if none of these are adequate, make the proper ad- 
justment by halving or doubling again, until the desired exposure is obtained. 
This will be your adapted technique 197. Contrast 198. Minimum; maxi- 
mum 199. A cardboard holder; regular 200. Radiographic contrast 

201. Using the 15 per cent rule, you add 9 Kv.P. 202. Kilovoltage 203. 
Milllampere-seconds 204. Kilovoltage 205. Milliampere-seconds 206. 
Milliampere-seconds or kilovoltage 207. A small focal spot, close object- 
film distance, and increased focus-film distance 208. Reduce secondary 
radiation 209. Height; space 210. Parallel; focused 211. a. contrast; 
b. penetration; c. radiation fog; d. contrast; e. latitude; f. density 212. a. 
magnification; definition; b. density 213. a. quantity; b. density 214.— 

215. EMF-—electromotive force; the electrical pressure of a charge. 
Potential—in physics, the available pressure of electricity. HVL—half- 
value layer: the thickness of a given substance which will reduce the intensity 
of the x-ray beam to one-half its original value. FFD—focus-film distance: 
the distance from the target of the x-ray tube to the film. Ohm-—the unit 
of electrical resistance. Ampere—the unit of measurement of quantity of 
an electric current. Volt—the unit of electrical pressure or electrical poten- 
tial. Kilovolt— 1000 volts 

216. Watts 217. Negative; positive 218. Protons, neutrons, and elec- 
trons 219. A source of electrons, target for the electrons to strike, and 
an electrical force to drive the electrons to the target 220. Alternating 
current 221. The amperage applied 222. It preserves the life of the anode 
and allows greater heat capacity 223. Less than 1 per cent 224. Hard 
rays are the shorter, more penetrating rays attained at higher Kv.P.; soft 
rays are the longer, less penetrating rays attained at lower Kv.P. 
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RADIOGRAPHIC FILM, SCREENS, CASSETTES 


Check the statement below which is CORRECT: 


Poor screen contact results in: 
| Blurring of the radiographic image 
Increased object-film distance 
Black streaks at the edge of the film 
[| Magnification of the image 


Check the statement below which is CORRECT: 


The term ‘‘screen lag’ refers to: 
x} The phosphorescence of the screen after the x-ray exposure 
stops 
The distance of the tube from the screens 
|| A damaged intensifying screen 
_| An intensifying screen in which the fluorescent crystals no longer 
fluoresce 
Poor contact between screens 


Check the statement below which is CORRECT: 


The speed of intensifying screens depends primarily on: 
x] The size of the fluorescent crystals 
(| The size of the focal spot used 
The type of film used 
Good screen contact 
Materials used in constructing the cassette 


Check the statement below which is CORRECT: 
Poor screen contact will result in: 


|| Increased sharpness of detail in the radiograph 
|| Increased contrast in the radiograph 

(x Decreased sharpness of detail in the radiograph 
|| Increased density in the radiograph 


Screen lag 


Check the statement below which is CORRECT: 


The back of a cassette is made of material opaque to x-rays because: 
It tends to protect the technologist from scattered radiation 
It tends to reduce distortion in the radiograph 
x It tends to prevent fogging of the film by scattered radiation from 
behind the cassette 
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LJ It further intensifies the image 
(| It tends to reduce the amount of exposure necessary 


Check the statement below which is CORRECT: 
The essential chemical in an intensifying screen is: 
Silver iodide 
Silver bromide 
Calcium carbonate 
x] Calcium tungstate 
Check the statements below which are CORRECT: 
Intensifying screens: 
Have less speed when the tungstate crystals are large 
x] Permit a shorter exposure time than without screens 


x} Have less speed when the tungstate crystals are small 
Give more detail than without screens 


hele 























Q. What is an intensifying screen? 

A. An intensifying screen is a cardboard backing coated with a layer 
of chemical material which will fluoresce when penetrated by x-radiation. 
The chemical, a white crystalline salt called calcium tungstate, has the 
ability to emit a blue-violet light instantaneously upon the absorption of 
x-rays. The light emitted exposes the x-ray film, which is sandwiched be- 
tween two intensifying screens. 


Q. What is meant by lag in an intensifying screen? 
A. Lag is acondition of the screen when it continues to emit light after 
the x-ray source has ceased. 


Q. How many intensifying screens are usually used in each cassette? 
A. Each cassette employs a front and a rear intensifying screen. 


Q. Will dirt on the surface of the intensifying screen affect the radio- 
graph? 

A. Dust, dirt particles, and stains must not be allowed to collect on the 
surfaces of the screens because such foreign matter will cause extraneous 
shadows in the radiographic image. 

Q. How would you determine if a spotted radiograph is due to a 
defect in an intensifying screen, to a defect in the cassette, or to the film itself? 

A. A defect in an intensifying screen would produce a light spot. A 
defect in a cassette is apt to produce a defined shadow. The absence of the 
spot in a duplicate exposure on a second film would point to the film. 


Q. What is meant by good screen contact? How do you test for it? What 
is its importance? What causes poor screen contact? 

A. Screens should be in contact with the film over its entire surface to 
maintain detail sharpness. Contact is tested by making a radiograph of '/,- 
inch wire mesh. If there are any areas in which contact is not maintained, an 
obvious loss of image sharpness is apparent in those areas. 


Q. Describe a cardboard film holder. Explain its construction. What is 
the importance of keeping the proper side up? 
A. Acardboard film holder is a lightproof container used to envelop the 
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x-ray film during the exposure. It is composed of two pieces of x-ray trans- 
parent paperboard hinged together with binding cloth. One of the cardboard 
covers contains a thin layer of lead foil which serves to absorb secondary 
radiation arising from the table top. Hence, this cover should be positioned 
away from the x-ray tube. The proper side of the cardboard holder which 
should face the tube is usually identified. 


Q. Approximately how long will a pair of intensifying screens last? 


A. Indefinitely. It is directly proportional to the amount of care they 
receive in handling and cleaning. 


Q. What causes intensifying screens to deteriorate? 


A. \Improper handling and inadequate cleaning will reduce the life 
of the screen. 


Check all CORRECT statements below: 


Intensifying screen speed increases as: 
x] Temperature decreases 

Xl Crystal size increases 

x) Crystal layer thickness increases 
Xl KVP increases 


Check the statement below which is CORRECT: 


The phosphor which emits the yellow-green luminescence of the 
fluoroscopic screen is: 
Barium lead sulfate 
Zinc cadmium sulfide 
Zinc sulfide 
[] Calcium tungstate 








Kk) 

















Q. How does the speed of regular film compare to the speed of non- 
screen film? 


A. Regular film is from 4 to 8 times faster. 


Q. How do the speeds of fast screens and medium screens compare 
according to the adjustment that must be made in exposure. 


A. Fast screens require a 50% reduction in Ma.S. over medium-speed 
screens. 


Check the CORRECT statement below: 


To reduce exposure of x-ray to the patient, the best screen to use is: 
Non-screen film 

Par-speed screen with regular film 

High-speed screen with high-speed film 

Slow-speed screen with high-speed film 


Check the CORRECT statement below: 


A property of gelatin in cool solutions is: 
(] It dissolves readily 

It precipitates 

(| It liquefies 

x] It swells 
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Check the statement below which is CORRECT: 
Gelatin is chemically considered to be: 
{} A compound 
() A mixture 
xl A colloid 
|| An element 


PROCESSING AND DARKROOM TECHNIQUE 


Q. What is a safelight and why is it used? How would you test a safe- 
light for safety? 

A. A ‘‘safelight’’ is a source of illumination, of a color and intensity 
that will not fog an x-ray film exposed to it for a reasonable time. 

The ‘'safelight’’ can be tested by placing an exposed but not developed 
film in a position similar to that in which films would be under ordinary 
working conditions. Then, using strips of cardboard, or other opaque 
material, about one inch wide, beginning at one end of the film place a strip 
of cardboard on the film at the end of each one-half minute of exposure. 
After a test of several minutes has been completed, develop the film. The 
elapsed time up to any fogged area may be measured by measuring the 
distance from this clear end of the film. 


Q. What is meant by developer (manual processing)? What is it com- 
posed of? 

A. Developer is the agent that reduces the exposed silver salts of the 
film emulsion to metallic silver so that when properly fixed it is visible to the 
human eye. Developer is generally composed of the developing agents 
hydroquinone and metol, the preservative sodium sulfite and the chemical 
sodium carbonate, which swells the gelatin in which the silver salts are 
suspended, so that the reducing agents may reach and act on the exposed 
silver salts in a minimum time. 


Q. What is meant by the term ‘‘oxidized developer’? How can oxida- 
tion be prevented? What is the effect of oxidized developer? 

A. Oxidized developer is developer that has become exhausted due to 
exposure to light and air. Oxidation can be reduced by placing a cover over 
the developer when it is not in use. Oxidized developer will generally stain 
films due to its discoloration (manual processing). 


Q. What is chemical fog? 

A. Chemical fog is a gray, dull appearance of the films, generally caused 
by the use of too strong a chemical solution or aged developer. 

Q. Can an underpenetrated film be corrected by prolonging the devel- 
opment (manual processing) and vice versa? 

A. Only within relatively narrow limits, since overdeveloping cannot 
bring out anything which underexposure failed to put on the film. 

Q. What is the proper height of solution level in tanks? How should it 
be maintained? 

A. The proper level of solutions is such that the film, regardless of size, 


is fully immersed. Level should be maintained by adding either fresh solution 
or one of the special replenishing solutions. 
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Q. What determines the length of time for developing x-ray films and 
under what conditions should it be varied? 


A. The time of development is determined by the temperature and age 
of the developer. As the solution ages or wears, developing time must be 
increased. 


Q. How long and in what manner should a film be rinsed before putting 
it into the fixer solution (manual processing) ? 


A. A film should be rinsed for about 30 seconds in water or a ‘stop 
bath” before it is placed in the fixer solution. “Stop baths” are intended to 
stop the developing process and to remove excess developer so that it will 
not be carried to the fixer. 


Q. How often should the developer and fixer be changed? 


A. The developer should be changed when it shows signs of oxida- 
tion (brownish color) or when it will no longer bring up the blacks on the 
film. The fixer should be changed when it no longer hardens the emulsion 
or when the solution requires more than four times as long to fix a film as 
when the fixer was new, temperatures being the same. 


Q. What is x-ray fog and how can it be prevented? 

A. X-ray fog is a hazy or cloudy appearance on the radiograph due to 
the inadvertent exposure of the x-ray film to primary or secondary x-radia- 
tion. It can be prevented by storing films in lead-lined containers. 


Q. How can the film be tested for x-ray fog? 
A. By developing a film without exposing it first. 


Q. How can light fog be prevented? 


A. Light fog can be prevented by sealing all cracks in darkroom 
openings and using tested safelights. 


Q. What are the usual causes, mode of differentiation, and means of 
prevention for fogging of films? staining of films? 


A. Films are usually fogged by improper safelights, non-lightproof 
darkrooms, and x-rays. Safelight and light fogs manifest themselves as 
sharp, dark shadows, while x-ray fog can be recognized as a general all-over 
graying of the film. Fogging can be prevented by the use of proper safelights, 
elimination of all white light in the darkroom, and storage of the film in 
suitable containers. 

Staining of films is caused by old developing or fixing solutions. It can 
be prevented by establishing routines calling for the changing of the solu- 
tions before they have deteriorated to the point where they will stain films. 


Q. What sometimes causes streakiness in the light areas of a developed 
film and how may this be avoided (manual processing) ? 

A. Streaks on films are generally caused by one of two things. Dirty 
hangers will cause streaks below the clips, or light areas on the film may 
have streaks under them if the film was not agitated. 


Q. If the following marks are found on an x-ray film, what are they due 
to and how would you prevent them: crinkle mark? friction mark? pinhole 
mark? water spot? static mark? 
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A. A crinkle mark is caused by kinking the film. It should be kept flat. 
Friction marks are a series of static discharges on the film caused by sliding 
the film across the wrapping paper or other surface. A pinhole mark is a 
single static discharge point—generally caused by uneven drying, usually 
in a dryer that is too hot. 

Water spots may be due to improper film drying or to water wetting the 
film in one area and then drying before film development. 

A static mark is any indication on the film of static discharge, generally 
caused by friction. 


Q. What precautions must be taken with respect to developing, 
washing, and fixing ‘‘non-screen’”’ films? 

A. Non-screen film because of the heavier emulsion should be de- 
veloped, rinsed, fixed, and washed about 30 per cent longer than the regular 
film (manual processing only). 


Q. What is a penetrometer? How is it used? 


A. A penetrometer is a radiographic test device usually made of 
aluminum and built up in steps of varying thickness. It is used in testing the 
radiographic efficiency of x-ray equipment and for radiographic calibrations, 
since minor changes in radiographic density can readily be detected and the 
proper compensation or adjustment can be made. 


Q. If a given exposure causes a certain density when processed 
5 minutes at 68 degrees, what developing time must be used to produce the 
same density when developer temperature (manual processing only) is: 
. 64 degrees? 
. 74 degrees? 
. 80 degrees? 
. 70 degrees? 
A good rule to follow: If the temperature of the developer is higher 
than the recommended 68 degrees, subtract approximately '/, minute per 
degree of the increase in temperature; if the temperature of the developer 
is lower than the recommended 68 degrees, add approximately '/, minute 
per degree of decrease in temperature. Therefore the answers to the above 
variations in temperature would be: 

1. 6-61/, min. 

2. 3'/,-3°/, min. 

3. 2-2'/, min. 

4. 4'/, min. 


Check the statement below which is CORRECT: 


The darkroom Safelight should have a 10-watt white light bulb behind a: 
2mm. aluminum filter at 4 feet. 

x] Wratten 6-B filter at 3 feet. 

Red acetate filter at 3 feet. 

Wratten 10-A filter at 3 feet. 


Check the statement below which is CORRECT: 


Chemical fog is produced by: 
(] Cold developer 


bBRWDY = 
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Incomplete development 
Hot hypo 
J Prolonged development 
Check the statement below which is CORRECT: 
If the air in the darkroom is too dry, film is susceptible to: 
Crescent-shaped markings 
(] Fingerprints 
Chemical fog 
x} Static accumulation 
Check the statement below which is CORRECT: 
The emulsion used in making x-ray film contains: 
(] Silver nitrate 
Sodium sulfite 
Silver bromide 
Calcium tungstate 


Check the statement below which is CORRECT: 

Reticulation on the surface of an x-ray film is the result of: 
Developer carried into the hypo 
Sudden changes in the temperatures of the solutions 
Incorrect mixing of the developer 
Drying in too warm air 
Check the statement below which is CORRECT: 


The chemical in the developer which reduces oxidation is: 
x] Sodium sulfite 

_} Sodium carbonate 

Potassium bromide 

Sodium sulfate 
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Check the statement below which is CORRECT: 


The color of chemical fog on an x-ray appears to be: 
Gray 

Black 

Brown 

Yellow 





OOO 


Check the statement below which is CORRECT: 


The latent image is the result of: 

(] Action of hydroquinone 

Films stored in too great heat 

x} Exposure to x-ray and processing of film 
(] Fixing and washing the film 














Check the statement below which is CORRECT: 


The compound that is used in intensifying screens as a fluorescent 
agent is: 





Silver bromide 

x} Calcium tungstate 

Calcium carbonate 
_] Potassium bromide 
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Check the statement below which is CORRECT: 


“Christmas tree-like’’ density defects on an x-ray film are caused by: 
Movement of patient 

_] Dust 

x] Static 

Overexposure 


Check the statement below which is CORRECT: 


Moon-shaped areas of decreased density on x-ray film are caused by: 
[] Static 
[|] Excessive heat 


x} Bending of film 
X-radiation leaking in storage room 
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In reference to manual processing, match: 


6 Potassium bromide 1. Preservative 
7 Sodium thiosulfate 2. Hardening agent 
_1.__ Sodium sulfite 3. Activator 

5 Acetic acid 4. Developing agent 
4 ~~ Hydroquinone 5. Acidifier 
3 Sodium carbonate 6. Restrainer 
2 Potassium alum 7. Fixing agent 

4 Elon 


EQUIPMENT AND ACCESSORIES 


Check the statement below which is CORRECT: 


Magnification distortion can be lessened by the use of: 
[J Cones 

(| A Bucky diaphragm 

A longer focus-film distance 

The use of filters 

A shorter target-film distance 


Check the statement below which is CORRECT: 
If an ordinary 8-to-1 Potter-Bucky diaphragm is used, how much greater 
is the exposure than if the Bucky is not used? 
1) «It is the same 
> 3 times greater 
[J] 8 times greater 
10 times greater 
12 times greater 


Check the statement below which is CORRECT: 
The grid-ratio of a Potter-Bucky diaphragm is: 
The ratio of the height of the lead strips to space between strips 
L] The ratio between the total thickness of the grid and the space 
between lead strips 
[1] The ratio between the speed of travel of the grid and the speed of 
the timer 











LU &) 
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[] The ratio of exposure time without the Bucky to exposure time 
with the Bucky 
[] The ratio of the width of the lead strip to the depth of the strip 


Check the statement below which is CORRECT: 
The Potter-Bucky diaphragm and the stationary grid are used to: 
(| Localize foreign bodies in the eye 
x} Eliminate a large portion of secondary radiation 
(| Limit the diameter of the primary beam 
| Produce radiographs free from distortion 
[] Record movements of various organs of the body 


Check the statement below which is CORRECT: 


The apparatus used for laminagraphy, planigraphy, or tomography is 
used for: 








Developing films rapidly 

Producing bedside radiographs 
Examining the bladder with light and lens 
Producing body-section radiographs 
Recording movements of the heart 


Check the statement below which is CORRECT: 


Cones and cylinders are used in radiography to: 

Permit the use of less kilovoltage 

Limit the field of radiation and reduce secondary radiation 
Reduce wear and tear on the x-ray tube 

[) Focus the x-ray beam 

() Shorten the exposure 


Check the statement below which is CORRECT: 


A Bucky diaphragm should not be used in making radiographs of: 
The lateral lumbar spine 

x} The lateral cervical spine 

The lateral sacral spine 

The anteroposterior dorsal spine 

[] The anteroposterior lumbar spine 


Check the statement below which is CORRECT: 
Cones, stationary grids, and Bucky diaphragms are similar in that their 
primary function is to: 
(]} Protect the technologist from scattered radiation 
Reduce distortion in the radiograph 
Reduce secondary radiation 
Reduce exposure time 
Permit using a longer target-film distance 


Check the statement below which is CORRECT: 


All other factors being the same, which of the following exposure would 
produce the greatest radiographic density? 
7%,)9 second and 100 Ma. 
1 second and 10 Ma. 
1/,, second and 200 Ma. 
%4) second and 500 Ma. 
¥,, second and 150 Ma. 
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Check the statement below which is CORRECT: 


Contrast in a radiograph is increased by: 
(| Greater film distance 
(] Increased kilovoltage 
x} Decreased kilovoltage 
(| Use of non-screen film 
(| Full-wave rectification 


Check the statement below which is CORRECT: 


Detail in a radiograph is not improved by: 

The use of cones and cylinders 

Increased object-film distance 

Increased focus-film distance 
Immobilization 

[] The use of non-screen film 








IO WO 











Q. What causes grid lines on a radiograph and how may they be cor- 
rected? 

A. Lines may be caused by improper centering of the tube, by increas- 
ing or decreasing the distance from the proper distance at which the grid is 
focused, by an improper relationship between the exposure time and the 
grid travel time, or by beginning the exposure before the grid starts in mo- 
tion or continuing the exposure after it stops. 


Q. Of what use is a cone in radiography and where is it used? 


A. Acone restricts the x-ray beam to the immediate area under exami- 
nation and thus minimizes secondary radiation by limiting the volume of 
tissue exposed. The result is greatly increased contrast, which makes radio- 
graphic detail more plainly visible. For regions such as sinuses, gallbladder, 
with or without Potter-Bucky diaphragm, a cone should be used to cover the 
desired area—particularly for heavy parts. 


Q. Must the shift of the tube in stereoradiography be accompanied by a 
tube tilt? Explain your answer. 

A. \Instereoradiography the shift of the tube must be accompanied by a 
tube tilt if a small cone is used. Unless this is done, the shifting of the cone 
circle may result in cut-off of the portion of the part being radiographed. If 
no cone is used, or if a very long focal-film distance, such as is used in chest 
work, is employed, the tilt is not necessary. In stereoradiography work on 
the head, however, where a four-inch cone or one even smaller may be used 
at 30- or 36-inch focus-film distance, it is necessary to tilt the tube and direct 
it to the same centering point for both views. 


TECHNIQUE 


Check the statement below which is CORRECT: 
In making radiographs of the gastrointestinal tract it is of utmost im- 
portance to use: 
A long distance 
] A short exposure time 
L] A short distance 


q 
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LJ A high voltage 
LJ) A low voltage 


Check the statement below which is CORRECT: 


Generally speaking an increase of 10 Kv.P. may be compensated for by 
the following change in exposure time: 
[| The time would be cut '/, 
The time would be cut '/, 
The time would be doubled 
L) The time would be tripled 
L] The time would be increased 5 times 





x] 

















Q. When and why should compression be used in radiography, and 
what is the effect, if any, on technical procedure? 


A. Compression is used in radiography for two reasons: first, to help 
eliminate motion, and secondly, in the case of obese patients, to compress 
the fatty tissue or remove it from the field of radiography as much as possible. 
By the use of compression, the part is reduced in density, and we may use a 
somewhat lower amount of the penetrating factor or Ma.S. 


Q. What is magnification and what are the factors affecting it? 

A. Magnification is that form of distortion which causes an enlarge- 
ment of the image. Magnification is caused by a short focus-film distance or 
by a great object-film distance. 


Q. What is distortion and what are the factors affecting it? 


A. Distortion refers to the change in the shape of an object, either by 
elongation or foreshortening. Distortion is caused by misalignment of the 
tube, object, and film. 


Check the statement below which is CORRECT: 


Under 100 Kv.P. the percentage of energy in the cathode stream which 
is converted into x-rays is: 
80% to 90% 
10% to 20% 
97% to 99% 
Less than 1% 
11 50% 
Check the statement below which is CORRECT: 


The intensity of x-radiation at any given distance from the source of 
radiation varies: 
Directly with the distance 
x] Inversely with the square of the distance 
Inversely with the distance 
Directly with the square of the distance 
Distance does not change it 


Check the statement below which is CORRECT: 
The wave length of an x-ray beam is determined by: 
[} The quantity of electrons in the cathode stream 
The milliamperage 
The voltage in the filament circuit 
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x] The kilovoltage 
(] The size of the focal spot 


Check the statement below which is CORRECT: 
The quantity of x-rays received at a given point is primarily dependent 
on: 
The size of the focal spot 
The kilovoltage 
The type and size of the target 
The use of intensifying screens 
The milliampere seconds 














Xx] [ 


Check the statement below which is CORRECT: 
An increase in kilovoltage across the tube results in: 
x} Radiation of a shorter wave length 
Radiation of a longer wave length 
No alteration in wave length 
Twice aS many impulses per second 
Higher milliamperage 




















Q. State the inverse square law. 
A. Intensity of x-radiation varies inversely with the square of the dis- 


Q. Define primary and remnant radiation. 
A. Primary radiation is the radiation emitted from the tube. Remnant 
radiation is the radiation that emerges to expose the film. 


Match: 
22 Ce IG InnIvars 1. 10 Ma.S. a. high contrast 
4 b High density 2. short wave length b. more black metallic silver 
Sia ZOWAKVAR: 3. long wave length c. low contrast 
1. = d_ Lowdensity 4. 200 Ma.S. d. little black metallic silver 


Check the statement below which is CORRECT: 


The principal factor controlling the penetration of x-rays is: 
[] Milliamperage 

Time 

Distance 

Kilovoltage 

Wattage 























bal 


Give the Ma.S. for the following Ma. and time combinations: 
. 100 Ma. for'/, sec. 50 _ 
. 200 Ma. for */,, sec. 60 _ 
. 300 Ma. for*/,;sec. 120 _ 
» SOME TOF Way SE, 25 
5. 100 Ma. for'/,,sec. 6.66 


Of the ten possible answers below, check the five completions which you be- 
lieve to be correct. As it influences the image in a radiograph, the kilovoltage: 


Oh = 
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V Affects radiographic density. 
Affects distortion. 
Affects detail. 
V Affects exposure latitude. 
Increases detail. 
V Affects radiographic contrast. 
Eliminates the use of cones. 
Decreases distortion. 
\V Affects the degree of penetration of the object. 
\V Affects the production of fog from secondary radiation. 


Check the statement below which is CORRECT: 


The term density’ when applied to a radiograph refers to: 
L] The sharpness and clearness of the shadow 

The distortion of the true shape of the object 

The over-all blackness of the radiograph 

The degree of difference between the light and dark portions 
of the film 

[| The thickness of the emulsion on the film 


ea 
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Q. What factors in an x-ray exposure must be changed to produce 
increased density? 

A. Increased radiographic density may be produced by increasing 
milliampere seconds or Kv.P. 


Q. When good radiographic detail cannot be secured because of in- 
ability to approximate the part close to the film, what change in technique 
may be employed to obtain better detail? , 

A. When close approximation of the part to the film cannot be secured, 
the focus-film distance can be increased in order to obtain better detail. 


Q. What is the importance of focus-film distance in radiographic 
technique? 

A. The importance of focus-film distance is the fact that it is the con- 
trollable factor of detail. Too close a focus-film distance would produce 
magnification of a part: too great a focus-film distance would cause undue 
strain on the equipment. Hence, a proper focus-film distance (30 to 40 
inches) for most radiographic work is important. The usual focus-film dis- 
tance in chest radiography is 72 inches. 


Q. What is the reason for using very rapid exposures in the examination 
of the chest? 

A. The reason for using very rapid exposures in examination of the 
chest is to eliminate motion both from respiration and as much as possible 
from heart action. 


Q. What is the reason for using very rapid exposures in the examination 
of the stomach? 


A. The reason for using very rapid exposures in examination of the 
stomach is to eliminate or minimize motion caused by the peristaltic action 
of the stomach. 
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Q. What is the purpose of using a six- or seven-foot focus-film distance 
in the examination of the heart? 

A. The purpose for using a six- or seven-foot focus-film distance in 
examination of the heart is to minimize magnification which is caused by 
the increased part-film distance. 


Q. What is meant by the following terms and how would you correct 
the same? Overpenetration? Underpenetration? 


A. Overpenetration is the result of using a kilovoltage in excess of the 
value necessary to produce the desired density in the radiograph. It is 
corrected by reducing the Kv.P. the necessary amount. 

Underpenetration is the result of using a Kv.P. less than the value 
necessary to produce a satisfactory density. It is corrected by increasing 
the Kv.P. the necessary amount. 


Check the statements below which are CORRECT: 
The sharpness of detail in a radiograph is dependent on: 
The milliampere seconds 
The size of the focal spot 
The focus-film distance 
Immobilization 
The object-film distance 


Check the statement below which is CORRECT: 


Magnification distortion is used to advantage in making good radio- 
graphs of: 





KKK O 





The heart 

The femoral neck in lateral projection 
The gallbladder 

The temporomandibular joint 

The shoulder 


Q. What formula might be used to find the size of field to be covered 
by a cone? 


A. 








x OO 

















target film distance x lower diameter of cone 
distance from target to lower edge of cone 





Size of field = 


Check the statement below which is CORRECT: 


When using a technique below 85 Kv.P., if an 8-to-1 grid is replaced 
by a 16-to-1 grid, the Kv.P. should be increased approximately: 
2 Kv.P. 
x] 6 Kv.P. 
12 Kv.P 
16 Kv.P. 


Check the statement below which is CORRECT: 


High Kv.P. is required when radiographing structures of greater density 
in the body chiefly because of the: 
=) Absorption of radiation that results 
Electrons absorbed by inherent filtration 
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Study Questions 
) Electrons absorbed by the part 
L] Penetrating effect of the longer wave lengths 


Check the statement below which is CORRECT: 


If | were a patient, | would rather a technologist used the following ex- 
posure to radiograph my lumbar spine: 
70 Kv.P., 200 Ma.S. 
84 Kv.P., 100 Ma.S. 
100 Kv.P., 50 Ma.S. 
120 Kv.P., 25 Ma.S. 


Check the statement below which is CORRECT: 


Useful radiographic densities lie within a range of: 
GB) Wl wer} 
Bl io 
Ee) 25 1@ 2 
L| 4 and above 


Check every statement below which is CORRECT: 


True distortion on the radiograph is produced by: 
Focal spot size 
Focus-film distance 
x] Film, part, tube alignment 
Part-tube distance 


Q. Will the sharpness of detail increase, decrease, or remain the same 
if (a) par speed screens are used instead of high? (b) the part-film distance 
is 6 inches instead of 3? (c) the Kv.P. is increased by 10? (d) the focal spot 
is 1 mm instead of 2 mm? (e) focus-film distance is increased from 40 to 
72 inches? 


A. (a) Increase, (b) decrease, (c) same, (d) increase, (e) increase. 


Check every statement below which is CORRECT: 


Absorption of x-rays is influenced by: 

Atomic weight 

Ma. used 

Temperature of the screen 

Thickness of the part 

Speed of the ray employed 

Wave length of the radiation produced 
Kv.P. used 


Check any statement below which is CORRECT: 


Radiographic fog increases as: 

x] Tissue volume increases 

Part moves closer to film 

Total quality of primary radiation is reduced 
Xx] Body part is predominantly soft tissue 


Check every statement below which is CORRECT: 


Radiographic contrast is the result of: 
L) Focal spot used 
&] Kv.P. used 
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FORMULATING X-RAY TECHNIQUES 


x] Volume of tissue 
x] Condition of tissue 


Check the statement below which is CORRECT: 


The factor which produces the greatest unsharpness is: 
[|] Focal spot size 

Large focus-film distance 

Motion 

High-speed screens 





Ok Oo 


CHECKLIST FOR RADIOGRAPHIC QUALITY 


Detail 


1. Sharpness of Detail (Definition) 
A. Motion 
/. voluntary 
a. immobilization 
fi. involuntary 
a. exposure time 


B. Projection 
i. size of focal-spot 
ii. object-film distance 
iii. focus-film distance 


C. Physical Factors 
i. film holder 
a. cardboard holder—direct exposure 
b. cassette and intensifying screens — indirect 
exposure 
(7) type and speed of screens 
(2) film-screen contact 
ii. film resolution 


2. Visibility of Detail (Photographic) 
A. Density 
B. Contrast 
C. Processing 


Density Contrast 
Ma.S. Kv.P. 
(quantitative) (qualitative) 
Thickness of part Fog 
Tissue opacity Cone-—grid 
Pathology Intensifying screens 
Respiration Filtration 
Distance Film characteristics 
Processing 
Efficiency of 
equipment 
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Study Questions 


Magnification 
1. Object-film distance 
2. Focus-film distance 
Distortion 
1. Alignment of tube-object-film 
Superimposition 
1. Opacities of surrounding structures 
2. Alignment of tube-object-film 


SPECIAL PROCEDURES 


Opposite each procedure in Column A place the number of the region 
where it is used as listed in Column B: 


11. Venogram (phlebogram) 1. Fallopian tubes 

8 Myelogram 2. Lungs 

12  Pneumo-encephalogram 3. Heart chambers 

4  Sialogram 4. Salivary ducts 

6 Cholangiogram 5. Renal calyces and pelves 
10 Cholecystogram 6. Bile ducts 

13 Carotid angiogram 7. Aorta 

__2  Bronchogram 8. Spinal canal 

1. Salpingogram 9. Knee joint 

_5  Excretory urogram 10. Gallbladder 


11. Veins of the extremities 
12. Ventricular system 
13. Arteries of the brain 
Opposite each procedure in Column A place the number of the region or 


purpose for which it is used in radiographic visualization as listed in Column 
BE 


12  Cholangiography 1. Fluoroscopic images 
4 Bronchography 2. Veins 
_3  Myelography 3. Spinal canal 
__5  Uterosalpingography 4. The bronchial tree 
13 Ventriculography 5. The uterus and fallopian tubes 
1. Photofluorography 6. The gallbladder 
2  Venography 7. The birth canal 
6 Cholecystography 8. The chambers of the heart 
14 + Body-section radiography 9. The arteries of the brain 
_7_ Pelvimetry 10. The urinary tract 
11. The abdominal aorta 
12. The biliary ducts 
13. The fluid-containing spaces of 
the brain 
14. Regions at a predetermined 
depth 
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FORMULATING X-RAY TECHNIQUES 


Opposite each procedure listed in Column A place the number of the region 


where it is used as listed in Column B : 


13 Uterosalpingogram 

6 Angiocardiogram 

11. Aortogram 

3. Teleoroentgenogram 
Cerebral angiogram 
Ventriculogram 
Bronchogram 

Towne’'s view or position 
Intravenous urogram 


o!l=]|0 IN |z 
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. Skull 

Guletnact 

. Chest for heart size 
. Arteries of the brain 


Spinal canal 
Chambers of the heart 


. Ventricles of the brain 

. Veins of the extremities 
. Bronchial tree 

10. 
ale 
2. 
ioe 


Urinary tract 

Aorta 

Hip 

Female genital tract 


Check the statement below which is CORRECT: 
Rapid filming methods are advantageous in the following study: 


Aortography 
Ventriculography 
Pneumoarthrography 





Geek 


Retro-peritoneal air studies 


APPLICATION OF RADIOGRAPHIC FUNDAMENTALS 


A satisfactory lateral radiograph of the skull has been taken using the fol- 
lowing factors. 


1.0-mm focal spot 

Par-speed screens 

8-to-1 ratio Bucky diaphragm 
Developed 5 minutes at 68° 
40” distance 

100 Ma 


Screen-type film 

Cone to cover 10” x 12” film 
2mm. aluminum filter 

”, second 

65 Kv.P. 


A number of changes in these factors, to be made one at a time, are sug- 
gested in the chart on the next page. Opposite each suggested change, indi- 
cate the effect you believe it would have on each of the radiographic qualities 
listed. 

If any quality is pecREaseD indicate by marking the appropriate square with 
a minus mark (—). 

If any quality is incREAseD indicate by marking with a plus mark (+). 

If there is no change in a quality, mark with a zero (0). 
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Study Questions 


Detail Magnification or 
Change to be made (sharpness) Density Contrast distortion 


Developed 5 minutes at 75° 


48" distance 





Increased object-film distance 
2.0-mm. focal spot 
Table-top, non-Bucky 


58 Kv.P. 





Use 3” mastoid cone 


200 Ma 





16:1 ratio Bucky 





25 Ma.S. 





0.75 second 





4-mm. aluminum filtration 





Develop 2 minutes at 68 


30” focus-film distance 


ANATOMY 


Q. To what joints are the following related: malleolus, glenoid fossa, 
condyles, acetabulum, tuberosities? 

A. The malleolus is related to the ankle: the glenoid fossa, to the 
shoulder; the condyles, to the knee, elbow, and occipital; the acetabulum, to 
the hip; the tuberosities, to the shoulder and hip. 


Q. Where is the atlas? malar bone? mandible? maxillae? manubrium? 

A. The atlas is the first vertebra or segment of the vertebral column; the 
malar bone is located on the left and right side of the face or cheek; the man- 
dible is the body of the lower jaw; the maxillae form the upper jaw; and the 
manubrium is the upper portion of the sternum. 


Q. Where is the axis? petrous portion of the temporal bone? acromion 
process? ilium? zygoma? 

A. The axis is the second cervical vertebra; the petrous portion of the 
temporal bone is the pyramidal portion of the temporal bone extending in- 
ward toward the median plane; the acromion process is the distal portion 
of the spine of the scapula; the ilium is the larger portion of the innominate 
or hip bone; and the zygoma is the arch of bone extending from the malar or 
cheek bone to the temporal bone on either side of the skull. 
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FORMULATING X-RAY TECHNIQUES 


Q. Where is the sacroiliac articulation? brim of the acetabulum? first 
metacarpal? greater trochanter of the femur? patella? 

A. The Sacroiliac articulation is located at the junction of the sacrum 
and the ilium; the superior brim of the acetabulum is located at the edge or 
border of the cavity that receives the head of the femur; the first metacarpal 
is between the carpus and the phalanges; the greater trochanter of the femur 
is located at the upper end of the lateral surface of the femur; the patella is 
located anteriorly to the knee joint. 


Q. Where is the outer canthus of the eye? internal auditory canal? 
foramen magnum? gallbladder? calcaneus? 


A. The outer canthus of the eye is the outer junction of the upper and 
lower lid of the eye; the internal auditory canal is at the apex of the petrous 
bone; the foramen magnum is located in the floor of the skull between the 
occipital bone and the basilar portion; the gallbladder is usually on the right 
side of the abdomen on the under surface of the liver; and the calcaneus is 
the heel (also called os calcis). 


Q. Where are the kidneys? liver? duodenum? urinary bladder? hepatic 
flexure? 

A. The kidneys are located on the right and left side of the vertebral 
column, between the eleventh thoracic vertebra and the third lumbar verte- 
bra; the liver is in the upper part of the abdomen, the main portion being on 
the right side; the duodenum lies between the pylorus and the jejunum; the 
urinary bladder is in the anterior part of the pelvic cavity; the hepatic flexure 
is located at the bend of the colon at the junction of its ascending and trans- 
verse parts. 


Q. Where is the appendix? cecum? spleen? sigmoid flexure? tibia? 

A. The appendix is an extension of the cecum; the cecum is the di- 
lated intestinal pouch forming the first part of the large intestine; the spleen 
is in the upper part of the abdominal cavity and lateral to the cardiac end of 
the stomach; the sigmoid flexure is the part of the colon between the de- 
scending colon and the rectum; and the tibia is the inner and larger bone of 
the leg below the knee. 


Q. Name the bones of the face. 


A. The bones of the face are two nasals, two superior maxillae, one 
mandible, two zygomata, one vomer, two lacrimals, two turbinates, and two 
palatines. 


Q. What are the mastoid cells and in what portion of what bone do they 
lie? What relation do they bear to a major anatomic landmark? 

A. The mastoid cells are the cellular portion of the temporal bone lying 
at the mid-posterior portion of it. They are usually found posterior to the 
auditory canal. 

Q. How many teeth are in the adult mouth and what are they? 

A. There are 32 teeth in the adult mouth. They are eight incisors (four 
centrals, four laterals), four cuspids, eight bicuspids, and twelve molars. 


Q. What is the location of the esophagus? Where does it begin and 
where does it end? 
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Study Questions 


A. The esophagus is the muscular canal extending from the pharynx 
to the stomach in the mid-sagittal plane. 


Q. Name the three major divisions of the small intestines. 
A. The three major divisions of the small intestines are the duodenum, 
the jejunum, the ileum 


Q. What is meant by the hypochondrium? epigastrium? iliac region? 
hypogastrium? lumbar area? 

A. The hypochondrium is the upper lateral region of the abdomen 
beiow the lowest rib: the epigastrium is the upper middle portion of the 
abdomen over or in front of the stomach: the iliac region is the lower lateral 
region of the abdomen: the hypogastrium is the lower median anterior por- 
tion of the abdomen: the lumbar area is the mid-lateral anterior portion of 
the abdomen. 


Q. Name the main divisions of the urinary tract. 
A. The main divisions of the urinary tract are the kidneys. ureters, 
urinary bladder, and urethra. 


Q. Where is the symphysis pubis? xyphoid process? external occipital 
protuberance? iliac crest? parietal bones? 

A. The symphysis pubis is the junction of the pubic bones; the xyphoid 
process is the extension downward of the sternum: the externa! occipital 
protuberance is found on the occipital bone at the junction of the median 
and nuchal lines; the iliac crest is the lateral, superior portion of the in- 
nominate bone: and the parietal bones are the bones which form the pos- 
terior and lateral portion of the walls of the neural cranium 


Q. What main anatomical structures lie in the lower right quadrant? 
upper right quadrant? lower left quadrant? upper left quadrant? pelvis? 

A. Lower right quadrant—terminal ileum, cecum, part of ascending 
colon, appendix. Upper right quadrant—hepatic flexure, liver, right kidney. 
gallbladder, cystic or common duct, portion of pancreas, occasionally the 
duodenal cap, second portion of duodenum, some loops of the small bowel, 
right half of transverse colon. Lower Jeft quadrant—sigmoid colon, portion 
of descending colon, some loops of small bowel Upper left quadrant — 
spleen, left half of transverse colon, greater part of pancreas, stomach, 
splenic flexure, portion of descending colon, third portion of duodenum. 
left kidney, portion of jejunum. Pelvis (female) —uterus, ovaries, rectum. and 
bladder: (male)—rectum and bladder. 


Q. Define the following terms: supine, saggital plane, distal, occlusal, 
thorax. 


A. Supine—lying on the back; sagittal plane—a plane running in an 
antero-posterior direction: distal—farthest from the center. origin, or head: 
occlusal—the masticating surfaces of molar and bicuspid teeth: thorax — 
the part of the body between the neck and the abdomen. 

Check the statement below which is CORRECT: 

The following organ is in the left upper quadrant: 
Gallbladder 
x] Spleen 
Appendix 
(] Hepatic flexure 
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FORMULATING X-RAY TECHNIQUES 


Indicate any of the following terms used to describe anatomical landmarks 
of the lower extremities: 

x) Lesser trochanter 

|| Greater tuberosity 

x! Medial malleolus 

x} Lateral condyle 


Indicate any of the following located in the skull: 


x} Pineal gland 
|| Obturator foramen 


x) Lacrimal bone 
|| Olecranon process 


Check the statement below which is CORRECT: 


The xiphoid tip is usually located at the level of the: 
|| Third lumbar vertebra 
|| Fourth thoracic vertebra 
x! Tenth thoracic vertebra 
(| Ramus of the mandible 
Check the statement below which is CORRECT: 
The sella turcica serves as a bed for: 
(| The pineal gland 
|| The suprarenal gland 
x] The pituitary gland 
The sphenoid sinuses 
Indicate any of the following diseases that will cause an increase in the den- 
sity of the bone tissue: 
x! Chronic osteomyelitis 
x! Paget's disease 
x] Metastatic prostate 
Senility 
Fill in the blank: 

In the so-called blue baby—a cyanotic child with a congenital heart 
deformity —the blood is being shunted from the ____ __— side to the — SS 
side of the heart. 

A. Right to left. 


Check the statement below which is CORRECT: 


When the anterior pituitary gland produces too much growth hormone 
after puberty, we have a disease called: 

Hyperthyroidism 

Turner's disease 
x] Acromegaly 
[] Cushings disease 


Check the statement below which is CORRECT: 


With the patient in the anatomical position, the hip joint would be 
located: 











5 cm. medial to greater trochanter 
5 cm. lateral to the symphysis 
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Xx] 2 in. below the point midway between the symphysis and the 
anterior superior spine 
L) 2 in. medial to anterior superior spine 


Q. Name the three main anatomical portions of a long bone. 

A. Diaphysis, metaphysis, and epiphysis. 

Q. Name three main functions of the liver. 

A. The liver manufactures bile, secretes heparin, and converts glucose 


to glycogen. 
Q. Distinguish between bronchitis, bronchiectasis, and atelectasis. 


A. Bronchitis is inflammation of the bronchus; bronchiectasis is dilata- 
tion of the bronchus; and atelectasis is collapse of all or part of a lung. 


Q. Whatis meant by the cranium? Name the principal bones concerned 
in its formation. 

A. The cranium means the brain case or pan. The principal bones con- 
cerned in the formation of the cranium are the frontal, parietals, occipital, 
temporals, sphenoid, and ethmoid. 


Q. What is meant by medial, lateral, superior, and inferior? 
A. Medial refers to the middle of the body, lateral refers to the side, 
superior refers to the upper, and inferior refers to the lowermost. 


Q. What is meant by nasal accessory sinuses? 

A. The nasal accessory sinuses are the associated bony cavities found 
within the bones of the face and cranium. They consist of the frontal, maxil- 
lary, sphenoid, and ethmoid sinuses. 


Q. How many ribs are there? To what portion of the spine are they at- 
tached? 

A. There are twenty-four ribs and they are attached to the thoracic 
portion of the spine. 

Q. Name the divisions of the spine and state how many vertebrae com- 
pose each division. 

A. The following are the divisions of the spine and the number of verte- 
brae which compose each division: cervical—seven, thoracic—twelve, 
lumbar —five, sacral—five, and coccygeal—four. 


Check the statements below which are CORRECT: 


In an examination of the petrous apices the following projections are 
commonly used: 
Lordotic view 
Towne view 
Stenvers projection 
Law projection 


Kk) Kk) kK) O 


Place the number preceding each part of the body listed in Column A in 
the space following the region in Column B in which it can be found: 


Column A Column B 
1. Foramen magnum _ ©) |FooK 
2. Anterior nasal spine _ _UlIna 
3. Lunate or semilunar 1. Occipital bone 
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Match: 
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FORMULATING 


. Ischial spine 
Atlas 

lleum 

. Coracoid process 
. Lesser tubercle 

. Cuboid 


COMNOOS 


Scapula 

Axis 

Frontal bone 
Wrist 

Maxilla 
Temporal bone 
Foot 

Pelvis 

Sternum 


Temporal bone 
Knee joint 
Sacrum 
Scapula 

Pelvis 
Occipital bone 
Ankle joint 
Hand 


Frontal 
Temporal 
Occipital 
Sphenoid 
Ethmoid 
Maxillae 
Mandible 
Fontanelles 


. Internal acoustic meatus 


NOOR WD = ONOAaAR WD = 


OMDNDAAA WD = 


X-RAY TECHNIQUES 


8 Humerus 

10 Petrous process 
Femur 

7 Scapula 

Tibia 

Small bowel 

Pelvis 

Wrist 

Maxilla 

Cervical spine 


lain lolalo 


. Alveolar ridge 
. Os calcis 

. Coracoid 

. Acetabulum 

. Glabella 


Odontoid 


. Carpal 
. Xiphoid 


. Foramen magnum 
. Manubrium 

. Mastoid cells 

. Patella 

. Glenoid cavity 


Pubis 


. Malleolus 


. Petrous 

. Sella turcica 

. Glabella 

. Foramen magnum 


Lambda 


. Coronoid 

. Antra of Highmore 
. Cribriform plate 

. Coracoid 


Match: 


Match: 


jo [aL |e [x [3 al-le 


Match: 
Bilis. 
Cc 


| 
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Match: 
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Study Questions 


Sternum 1. Talus 
Atlas 2. First cervical vertebra 
Ankle 3. Acromion 
Lumbar 4. Manubrium 
Axis 5. Five 
Dorsal 6. Second cervical vertebra 
Coccyx 7. Seven 
Scapula 8. Four fused bones 
9. Twelve 
10. Ten 
1. Cuboid a. Cervical spine 
2. Internal acoustic meatus b. Foot 
3. Foramen magnum c. UIna 
4. Anterior nasal spine d. Occipital bone 
5. Lunate or semilunar e. Humerus 
6. Ischial spine f. Petrous process 
7. Atlas g. Femur 
8. lleum h. Scapula 
9. Coracoid process i. Tibia 
10. Lesser tuberosity j. Small bowel 
k. Pelvis 
|. Wrist 
m. Maxilla 
11 3rd molar(sample) a. temporal 1. Waters 
5 Frontal sinuses b. occipital 2. lateral skull 
12 Mastoids c. frontal 3. Towne 
6 Optic foramen d. sphenoid 4. Fletcher's 
8 Int. aud. meatus e. maxillae 5. Caldwell 
3 Foramen magnum ff. mandible 6. Rhese 
1 Antra of Highmore’ g. ethmoid 7. mento-vertex 
2 Sella turcica h. palatine bones 8. Stenvers 
9 Ramus i. fontanelles 9. lat. mandible 
6 Cribriform plate j. teeth 10. A.P. skull 2 
7 Crista galli k. zygomatic bones 11. Dental 
12. Law 
Odontoid process 1. Sacrum 
Glenoid fossa 2. Colon 
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FORMULATING X-RAY TECHNIQUES 


_ 7 Greater trochanter 

__3 Anterior superior iliac spine 
12 Alveolar process 

14 Phalanx 

9 Carpal navicular bone 

2 Sigmoid 

_6 Jejunum 


Match: 
2 Beside 1 
3. Against 2. 
1 False 3: 

Upon 4. 

5 Around Sy 
4 All 

Match: 
4 Towards front 1 
3. After 2 
2 Towards back 3 
_ Before 4 
1 Towards head 5 
5 Towards feet 

Match: 
5 Head 1 
4 Lying face up 2 
_ Turn out 3. 
1 Tail 4. 
3 Bend 5 
2 Lying face down 


. Pelvis 

. Cervical spine 
Scapula 

. Small bowel 
. Femur 

. Sternum 

9. Wrist 

10. Elbow 

11. Tarsus 

12. Mandible 
13. Patella 

14. Finger 


ONOONDA wW 


. Pseudo 


Para 
Anti 
Pan 
Peri 


. Cephalic 
. Dorsal 

. Post 

. Ventral 

. Caudad 


. Caudad 
. Prone 


Flex 
Supine 


. Cephalad 


Opposite each term in Column A place the number of the correct defini- 


tion as listed in Column B: 


_ 2 Anterior 1 

_8 Medial (mesial) 2 

11 Lateral 3 

12 ~~ Proximal 4 

1. Cephalad 5 
4 Flexed 
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. Towards the head 

. Front 

. Lying on the side 

. With the part bent up 

. With the part moved away from the 


body 


Study Questions 


_5 Abducted 6. Below 
Om Prone 7. Above 
6 Inferior 8. Towards the midline 
13 ~~ Sagittal 9. Towards the tail 
15 Oblique 10. Lying on the abdomen 
_ 3 Lateral decubitus 11. Away from the midline 
7 Superior 12. Near the central point of reference 


13. Refers to plane which divides the body 
into right and left parts 

14. Refers to plane which divides the body 
into anterior and posterior parts 

15. View of part rotated from true A.P. or 
P.A. position 


POSITIONING 


Check the statement below which is CORRECT: 
In the lateral projection of the scapula: 
|] The coracoid process is centered to the film 
x} The central ray is aligned at 90 degrees to the vertebral border 
of the scapula 
[] The patient is placed in a lateral decubitus position 
(] The glenoid cavity is best demonstrated 
Check the statement below which is CORRECT: 
The best position to show the articular facets of the lumbar spine is the: 
<x] Oblique 
LO ALP. 
Lateral 
Ol PAN 
Check the statement below which is CORRECT: 
The external auditory meatus is used as a landmark to locate the: 
x] Sella turcica 
Maxilla 
Frontal sinus 
() Nasion 


Check the statement below which is CORRECT: 


The best position to demonstrate the clavicle in an adult is the: 
[|] A.P. position with caudal angulation 

[] A.P. position with a perpendicular ray 

x} P.A. position 

Lateral position 


Check the statement below which is CORRECT: 
The A.P. projection of the skull with a 30-35 degree caudal angulation 


demonstrates primarily the: 
|] Sphenoid bone 
Frontal bone 
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FORMULATING X-RAY TECHNIQUES 


x] Petrous ridge 
(|) Parietal bone 


Check the statement below which is CORRECT: 


The anterior superior iliac spine is used as a landmark in locating the 
point of entry of the central ray when making a radiograph of the: 
x] Sacrum 
Shoulder 
CL) Sternum 
Gallbladder 


‘heck the statement below which is CORRECT: 

An occlusal film is placed in the mouth with a portion extending from 
the mouth. The central ray is projected downward perpendicular -o the film. 
This view best demonstrates: 

x] The nasal bone 

The palatines 

The mandibular symphysis 
Wharton’s duct 


Check the statement below which is CORRECT: 
When the patient is in the frog-leg position, the thighs are placed in: 
Full adduction 
Full abduction 
(| Full extension with the feet together 
() Full flexion over the abdomen 


Check the statement below which is CORRECT: 


In mitral stenosis the position that best demonstrates the left atrium of 
the heart is the 
Right lateral 
Left anterior oblique 
A.P. position 
x] Right anterior oblique 


Check the statement below which is CORRECT: 


When radiographing the ankle in the antero-posterior projection on a 
single film, the 
L] Heel is placed in the center of the film 
Inter-malleolar plane is parallel to the film 
Ankle is rotated laterally 5 degrees 
[] Central rav is angled 10 degrees cephalad 
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Six bony prominences are listed below. Opposite each one listed place 
a YES if it can be felt through the skin and a NO if it cannot. 
YES Greater trochanter 
NO Body of the ninth thoracic vertebra 
NO Lesser trochanter 
YES Symphysis pubis 
YES Acromion process 
YES Manubrium 
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Check the statement below which is CORRECT: 
When radiographing the coccyx in the antero-posterior position, the 
central ray is directed: 
Perpendicular to the film 
Cephalad 
Caudad 
To a point 2 inches below the pubis 


Check the statement below which is CORRECT: 
In the Chamberlain-Towne position, the central ray is directed so that 
the orbito-meatal line forms an angle with the central ray of: 
BD) Or 
Xx] 30° 
20° 
(1) 465° 


Check the statement below which is CORRECT: 


A long exposure time can be used to advantage in a technique intended 
to show: 














0 ® 














LJ) The stereoscopic lung field 

|] Kidney, pelvis, and ureters in an IVP 
(J A stomach with barium 

[] The gallbladder 


x] The lateral thoracic spine 


Check the statement below which is CORRECT: 


A routine P.A. chest radiograph is taken at a six-foot target-film dis- 
tance in order to: 
Increase contrast 
Increase magnification 
Decrease detail 
Decrease magnification 
Stop motion 
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Q. In radiography of the lower dorsal spine in the anteroposterior 
position, why is it desirable to center to the sixth dorsal vertebra? 

A. In order to take advantage of the divergent rays for separating the 
joint spaces and also to equalize density over the entire section of the spine 
being examined. 


Q. In radiography of certain areas of the body, very close focus-film 
distance may sometimes be desirable. Name one such area and give the 
reason. 

A. An area of the body where very close focus-film distance might be 
desirable, at times, is the atlas and axis. Such a procedure may be followed 
in order to obtain magnification of the part and blur out the superimposed 
parts. 


Q. What is the Waters-Waldron position and where is it used? 


A. The Waters-Waldron position is used in examination of the maxillary 
sinuses. The patient is prone, head resting on the chin, cantho-meatal line 


317 


FORMULATING X-RAY TECHNIQUES 


forming an angle of 37° to the perpendicular, central ray perpendicular to the 
film and entering the head at the vertex, passing just in front of the ear and 
making its exit at a point in line with the junction of the nose and upper lip. 
The median plane of the head is perpendicular to the table top. 


Q. What is the modified Law position and where is it used? 
A. The modified Law position is used in examination of the mastoid. 
The patient is prone, head rotated 15° to either side, central ray is angled 15° 


toward the face and enters the head about two inches above and behind the 
unaffected ear to exit through the mastoid closest to the film. 


Q. What is the Stenvers position and where is it used? 


A. The Stenvers position is used in the examination of the petrous 
portion of the temporal bone. The patient is in the prone position, median 
line of the body over the center line of the table. The head is turned at an 
angle of 45° from the posteroanterior position with the forehead and malar 
bone touching the cassette. The tube is tilted 12° toward the head, the central 
ray being directed through the external auditory meatus closest to the film. 

Q. What is the Towne position and where is it used? 

A. The Towne position is used in the examination of the occipital and 
petrous bones in an anteroposterior projection. The patient is supine, median 
line of the head is over center line of the table, the chin is depressed as far as 
comfortably possible. From the side of the table the film is centered to the oc- 
cipital protuberance. The tube is angled approximately 30° towards the feet, 
and the central ray is directed to the center of the film. 


Q. What methods are used to secure immobilization of the parts radio- 
graphed? Why is immobilization so essential to the successful radiograph? 

A. Cloth immobilizing bands, sandbags, padded bricks, or head clamp. 
Such devices are essential to successful radiography for the elimination or 
control of motion in order to secure good detail. 


Q. What views are ordinarily taken of any part and why? 

A. Ordinarily two views at right angles to each other are taken of a part 
in order to secure proper perspective and relation of the parts to the sur- 
rounding tissue or parts. When two views at right angles cannot be secured, 
we can make stereoscopic views in order to secure depth of vision. 


Q. What are spot exposures in gastrointestinal work? 

A. Spot exposures are usually from one to four exposures made on a 
film at intervals of a few seconds for the purpose of obtaining progressive 
views of stomach or colon peristalsis in gastrointestinal radiography. A 
special spot-taking device is usually a part of the fluoroscopy unit. 

Q. Why is it necessary to have close approximation of the part to the 
film? 

A. \t is necessary to have close approximation of the part to the film in 
order to eliminate an objectionable amount of magnification. 

Q. Given a set of exposure factors for an x-ray examination of a co- 
operative patient, what changes would you make for an unco-operative or 
irrational patient? 
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A. Decrease the exposure time to a value sufficiently small to obviate 
possibility of motion; at the same time increasing the Ma. value by the amount 
needed to produce the original Ma. value. Alternately, decrease the exposure 
time to obviate motion and increase the Kv.P. so as to maintain film density. 


Q. Describe the effects of inspiration and expiration in radiography of 
the chest, sternum, dorsal spine, ribs. 

A. \n radiography of the chest, sternum, ribs, and dorsal spine, films 
made on inspiration will be more dense than those made on expiration, all 
other factors being the same. In radiography of the chest, the diaphragm 
will be lower on inspiration than on expiration. 


Check every statement below which is CORRECT: 
The positions which may be used most successfully in demonstrating 
the odontoid process are 
x! Conventional lateral view of the cervical spine 
Exaggerated Waters view ordinarily used for facial bones 
Open-mouth view 
Conventional A.P. view of the cervical spine 


A.P. exposure while moving lower jaw 


KO & 


Check the statement below which is CORRECT: 
For a radiograph of the gallbladder of an obese person the central ray is 
usually directed to enter the body: 
() Ata point lower and nearer the spine than for a person of normal 
weight 
At a point higher and nearer the mid-line than for a person of 
normal weight 
[) At a point lower and more to the right than for a person of 
normal weight 
| At a point higher and more to the right than for a person of 
normal weight 
[| Ata point behind the spine 


Check the statement below which is CORRECT: 
The Odontol process is well visualized in the following view: 
Lateral view of the tarsus 
Oblique view of the mandible 
Open-mouth view of the cervical spine 
Oblique view of the lumbosacral joint 
Lateral view of the sternum 





Bex es 


Check the statement below which is CORRECT: 
In an examination of the petrous apices the following projection is not 
commonly used: 
xi Lordotic view 
[J] Towne position 
_] Law projection 
_] Arcelin projection 
L] Stenvers projection 
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Check the statement below which is CORRECT: 
In making a radiograph of the sinuses using the Waters position, the pur- 

pose of the position is to: 

[} Project the sphenoid sinus away from the maxillary sinuses 

x} Project the petrous portions of the temporal bones below the 
maxillary sinuses 

Project the petrous portions of the temporal bones above the 
maxillary sinuses 

Superimpose the petrous portions of the temporal bones on the 
maxillary sinuses 


Check the statement below which is CORRECT: 
In making aP.A. radiograph of the abdomen the patient is in: 
x] The prone position 
The abducted position 
] The supine position 
The lateral recumbent position 
The dorsal decubitus position 


Check the statement below which is CORRECT: 
In taking a P.A. radiograph of the chest the shoulders are rolled forward 












































to: 





[] Elevate the clavicles 

Enlarge the chest 

Lower the diaphragm 

Remove the scapulae from the region of the lung field 
Bring the heart closer to the film 


Check the statement below which is CORRECT: 
In making aP.A. radiograph of the distal radius and ulna the hand should 
be placed in: : 
The lordotic position 
Flexion 
Supination 
The ‘anatomical’ position 
x] Pronation 


Check the statement below which is CORRECT: 
In the Waters sinus position the central ray enters the skull in the mid- 
sagittal plane emerging at: 
The external occipital protuberance 
x] The junction of the upper lip and nose 
The external auditory meatus 
The base of the nose (glabella) 
The mastoid tip 


Check the statement below which is CORRECT: 


The foramen magnum is best demonstrated by the use of: 
Waters position 
Stenvers position 
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() Granger position 
L] Law position 
Towne position 
Check the statement below which is CORRECT: 
When one is making a P.A. radiograph of the gallbladder of an average 
adult patient, the central ray is usually directed so as to enter the body: 
[) At the level of the 12th thoracic vertebra 
Three inches to the right of the 2nd lumbar vertebra 
Two inches to the left of the 2nd lumbar vertebra 
Two inches above the crest of the left ilium 


Check the statement below which is CORRECT: 


The Stenvers position is used in making a radiograph of: 
[] The sphenoid sinus 

The sella turcica 

(J) The maxillary sinus 

L] The symphysis menti 

| The petrous process 


Check the statement below which is CORRECT: 


When one is making a verticosubmental sphenoid sinus radiograph, the 
central ray enters at: 
] The top of the skull 
The outer canthus of the eye 
The root of the nose 
The external auditory meatus 
The center of Reid’s base line 


Check the statement below which is CORRECT: 


When one is making a P.A. radiograph of the duodenal bulb of an aver- 
age adult patient, the central ray is usually directed so as to enter the body: 
L) Two inches to the right of the 12th thoracic vertebra 
One inch to the right of the 5th lumbar vertebra 
One inch to the right of the 2nd lumbar vertebra 
Two inches to the left of the 2nd lumbar vertebra 
In the midline at the level of the 9th thoracic vertebra 


Check the statement below which is CORRECT: 


When one is making an x-ray of the hip in the anterior-posterior projec- 
tion, the following bony landmarks must be noted: 
The anterosuperior spine 
The symphysis 
The greater trochanter 
The patella 
The 1st lumbar vertebra 


Check the statement below which is CORRECT: 


The crest of the ilium is used as a landmark in making: 
L] A radiograph of the A.P. thoracic spine 
L) AnA.P. shoulder radiograph 
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A lateral radiograph of the sternum 


x] A KUB 
= 
L) An A.P. of the os calcis 


Check the statement below which is CORRECT: 


When making an A.P. radiograph of the wrist the hand should be placed 
In: 
|] Pronation 
x} The anatomical position 
L) Flexion 
() Adduction 
L] Eversion 


Check the statement below which is CORRECT: 


The malleoli are used as landmarks when making a radiograph of: 
x] An A.P. ankle 
L] AP.A. knee 
L] An A.P. shoulder 
L) An A.P. elbow 
Check the statement below which is CORRECT: 
A long exposure time can be used to advantage in techniques intended 
to show: 
The stereoscopic lung field 
Kidney, pelves, and ureters in an IVP 
A stomach with barium 
The gallbladder 
| The sternum 


Check the statement below which is CORRECT: 
In making a radiograph of the gastrointestinal tract it is important to use: 
| A long target-film distance 
x] A short exposure time 
(|) Self-rectified equipment 
_] As low kilovoltage as possible 
LJ) A thoraesus filter 
Check the statement below which is CORRECT: 
The amount of tube shift required in making stereoscopic radiographs 
to be viewed in a standard stereoscope is determined by: 
(| The object-film distance 
The milliampere seconds used 
The kilovoltage employed 
The focus-film distance 
The type of x-ray tube used 
Check the statement below which is CORRECT: 
In a pelvimetry the following is not important in obtaining an accurate 
measurement: 


The part-table distance 
The tube-table distance 


ere 











xk) Oo 








(ea) cl eal aa 

















322 


Study Questions 


(J) The distance between table top and film 
x] The kilovoltage used 
L) The centering of the tube 





Indicate by number the relative position of the wave lengths of the forms of 
radiation listed starting with No. 1 for that having the shortest wave length: 


3 Ultraviolet 
_5_ Infrared 
_1_ Gamma rays 
4 Visible light 
2 X-rays 


PHYSICS, ELECTRICITY 


Q. What is matter? 

A. Anything which occupies space. Examples: steam, ice, water. 

Q. What is an atom? 

A. The smallest part of a molecule. It is made up of electrons, protons, 
and neutrons. 

Q. Define electron. 

A. The electron is the smallest measurable quantity of negative elec- 
tricity. 

Q. Define proton. 

A. The proton is the smallest measurable quantity of positive electricity. 

Q. Define neutron. 

A. The neutron is an electrically neutral part of an atom. 

Q. Define molecule. 

A. The molecule is the smallest part of matter that can exist by itself 
and still show the characteristic properties of the original substance. 

Q. Diagram the structure of matter. 

A. Matter 


Simple --- Molecule --- Compound 
Atom 


Electron Neutron Proton 


Q. When pressure has established a state of imbalance in an atom, 
how does the atom achieve a return to stability? 

A. The atom has a natural tendency to return to a neutral state and it 
will immediately attract electrons from other sources to restore its neutrality. 

Q. When an electron is removed from an atom, how is the atom 
charged? 

A. Positively. 
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Q. When a free electron attaches to an atom, how does the atom be- 
come charged? 

A. Negatively. 

Q. What is electricity? 

A. The flow of negatively charged particles, called electrons, along 
wire conductors. 

Q. Define ohm. 

A. An ohm is a unit of electrical resistance. 


Q. Define volt. 

A. Avolt is a unit of electrical pressure. One volt is the amount of elec- 
trical pressure required to force one ampere of electrical current through one 
ohm of electrical resistance. 


Q. Define ampere. 

A. An ampere is a unit of electrical current. One ampere is the amount 
of electrical current forced through one ohm of resistance by the electrical 
pressure of one volt. 

Q. Distinguish between a good conductor and a good insulator. Name 
one of each. 

A. A good conductor is any material which permits a free flow of elec- 


trons, such as copper wire. A good insulator is any material that impedes the 
flow of electrons, such as glass. 


Q. Define milliampere. 

A. A milliampere is '/;o9) of an ampere. 

Q. Define kilovolt. 

A. A kilovolt is equal to 1000 volts. 

Q. Define peak kilovolt. 

A. Peak kilovolt is the highest kilovoltage at any time in an electrical 
cycle. 

Q. What is an ammeter? 

A. A device used to measure amperes. 

Q. What is a voltmeter? 

A. A device used to measure volts. 

Q. What is a galvanometer? 

A. An instrument used to measure small amounts of current. 

Q. What is a resistor? 

A. A device which offers a great resistance to the flow of electrons. 


Some resistors offer resistance in varying degrees and can be manually 
controlled. 


Q. What is an ohm? 
A. The unit of resistance. An electromotive force of 1 volt will move an 
electric current of 1 ampere against the resistance of 1 ohm. 


Q. What is a magnet? 
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A. A bar or horseshoe-shaped piece of iron which has the power to 
attract pieces of iron to its poles. This is called magnetism. A compass 
needle is said to be a bar magnet. The pole of the needle pointing to the north 
has a north-seeking or north pole. The earth is a big magnet with magnetic 
poles near its north and south geographical poles. In the space around the 
magnet there is a field of force. 


Q. Do electric currents show magnetic effects? 


A. Yes. A compass needle held close to a straight wire with direct cur- 
rent passing through it will turn its needle perpendicular to the wire and the 
current. This shows the presence of a magnetic field around the wire. There 
is no movement of electrons without this field of energy and this movement 
continues until the magnetic field disappears. It may be that each moving 
electron creates its own field of energy. 

Q. What is electromagnetic induction? 


A. This is the production of an electric current in a wire coil by placing 
it within a magnetic field which surrounds another wire coil. The current is 
produced even though there is no electrical connection between the coils. 

Q. What is a magnetic field? 

A. An area of magnetic force which surrounds an electric charge of 
current. 

Q. Does a magnetic field exist at right angles to or parallel to an elec- 
tric conductor? 

A. At right angles. 

Q. Distinguish between static and current electricity. 

A. In static electricity the electric charge is at rest. In current electric- 
ity, the charged particles flow along a conductor. 

Q. What is mutual inductance? 

A. This is the establishment of a voltage in a wire coil either by moving 
a conductor across magnetic lines of force or by having the magnetic field 
change polarity, causing the magnetic lines to cut across a conductor. 

Q. What is a transformer? 


A. A device used to transfer electrical energy from one circuit to an- 
other and either raise or lower the voltage without the two circuits being 
electrically connected to one another. 


Example: |f the windings of wire in the primary circuit are 100 and those of the secondary circuit 
100,000, the voltage in the secondary circuit will be 1000 times as great as that in the primary cir- 
cuit. 


Q. What is the structure of a step-up transformer? 
A. The number of turns of wire is greater in the secondary coil than in 
the primary coil. This causes an increase in voltage. 


Q. What is the structure of a step-down transformer? 


A. The number of turns of copper wire in the primary coil is greater 
than those in the secondary coil. This results in a decrease in voltage. 


Q. What is an autotransformer? 
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A. A device used to select the amount of voltage to introduce into the 
primary coil of the step-up transformer. It consists of a single winding of 
copper wire around an iron core. Leads are taken off from various turns of 
the coil, allowing a selection of the amount of voltage to let in. It is generally 
used as a step-down transformer. 


Q. What is meant by the ratio of a transformer? 


A. The ratio of a transformer is the relation of the number of turns on 
the primary to the number of turns on the secondary. 


Q. What is meant by frequency of an alternating current? What fre- 
quencies are commonly used? 

A. The frequency of an alternating current is the number of times the 
current changes from positive to negative to positive per second. The com- 
mon frequencies are 25 cycles, 50 cycles, and 60 cycles. 


Q. What are the properties of x-rays? 
A. 1. The ability to peneirate solids and opaque media. 
2. The ability to darken photographic film. 
3. The ability to emit light (fluorescence) when they strike certain 
substances. 


Name the three necessary conditions for the production of x-rays. 


1. A concentration of electrons. 
2. The movement of those electrons at a high speed. 
3. Sudden stoppage of electrons by striking a target. 


=a 


Q. How are x-rays produced? 
A. The electrons, which are negatively charged particles traveling at 
a high speed through a metal conductor, are forced to cross a gap in the 
conductor and strike a metal target on the other side of the gap. The target 
is positively charged and thus attracts the negatively charged electrons. At 
the target the electrical energy is converted into light energy and we then 
have x-rays. 
What is the usual electric voltage used? 


Q 
A. 110 or 220 volts. 

Q. How may 110 or 220 volts be increased to say 50,000 volts? 

A. By the use of a step-up transformer. 

Q. How may 110 or 220 volts be decreased to say 5 volts? 

By the use of a step-down transformer. This is used to heat the fila- 
ment of the x-ray tube. 


Q. Which is more penetrating, an x-ray with a short wave length or 
one with a long wave length? 
A. The short wave length is more penetrating. 


> 


Q. What is the unit of measurement of wave lengths? 


A. The angstrom unit (A). One angstrom unit is equal to .00000001 
centimeter ('/;00,000,000 Centimeter, or one one-hundred-millionth of a centi- 
meter). 
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Q. What is the electromagnetic spectrum? 


A. The grouping of electromagnetic waves or radiations according to 
their wave length. 


Q. What are some of the rays of the electromagnetic spectrum? 


A. Electric, microwaves, infrared, ultraviolet, television, radio, visible 
light, x-rays, gamma rays, cosmic rays. 


Q. Upon what does the penetrability of x-rays produced depend? 


A. The penetrability of x-rays depends on the kilovoltage at which they 
are produced or, more specifically, on their wave length. 


Q. What is meant by hard rays? By soft rays? 


A. Hard rays are rays produced at relatively high kilovoltage and are 
more penetrating than the soft rays, which are produced at relatively low 
kilovoltage. Hard rays are short-wave-length rays and soft rays are long- 
wave-length rays. 


Q. What is the fundamental relation between kilovolts impressed on an 
x-ray tube and the quality of the emergent beam? 

A. The quality of hardness of an x-ray beam increases as the voltage 
increases, decreases as the voltage decreases. The wave length of the beam 
becomes shorter as the kilovoltage increases and longer as the kilovoltage 
decreases. 


Q. What meters are necessary in an x-ray machine? For what purpose 
is each used, and where is each located in the circuit? 

A. The necessary meters in an x-ray machine are an ammeter, milli- 
ammeter, and a voltmeter. The ammeter measures the filament current and 
is in the primary circuit to the filament transformer. The Ma. meter measures 
the current flowing through the x-ray tube and is in the high-tension circuit. 
The voltmeter is in the primary circuit of the high-tension transformer and 
indicates the voltage applied to the primary of the high-tension transformer. 


Q. How is electricity flowing through a conductor like water running 
through a pipe? 

A. Water flowing through a pipe flows in one direction at a constant 
volume similar to direct current through a wire. It encounters resistance to 
its flow and therefore must have pressure behind it to cause the water to 
flow. In an electrical system the equivalent pressure is voltage and the resist- 
ance ohms. Flow of electricity may be likened to the flow of water in a pipe; 
the voltage corresponds to pressure —the higher the voltage, the more cur- 
rent or water flow. The current or amperage corresponds to gallons per 
minute. Resistance in the electrical flow corresponds to friction or resist- 
ance to the water flow—the larger the wire or water pipe, the more current 
or water flow with the same voltage or water pressure. 


Q. Cana direct current be used to operate a transformer? If only direct 
current is available, how could you operate an x-ray machine? 


A. A direct current cannot be used to operate a transformer. If only 
direct current is available it must be converted to alternating current by a 
device called a rotary converter 
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Q. Is the filament control in the low- or the high-voltage portion of the 
circuit? 


A. In the low-voltage portion. 


Q. What is self-rectification? 


A. When high voltage is applied to an x-ray tube only those alternations 
above the base line are of value, and cause electrons to be cast off to the 
target of the tube. During the period of alternations below the base line no 
electrons are given off and thus no x-rays are produced. This is due to the 
fact that the anode of the tube (containing the target) is positive and nega- 
tive alternatingly with relation to the cathode during each half cycle. When 
the anode is positive, the negative electrons at the cathode are attracted to 
the anode and x-rays are produced. When the anode is negative, electrons 
are not attracted. Self-rectification is used in portable and dental x-ray ma- 
chines for light x-ray work. 


Q. What is half-wave rectification? 


A. lf heavier work is demanded from an x-ray tube, it cannot act as a 
self-rectifier. A valve tube must be used in the circuit of high voltage which 
prevents the unused voltage (alternations below the base line) from being 
applied to the x-ray tube. This tube has a large cathode filament which pro- 
duces an abundance of electrons which are bombarded against the entire 
face of the anode (target). 


Q. What is valve-tube rectification (full-wave) ? 


A. This is the use of four valve tubes in the circuit so that the alterna- 
tions above the base line fill in the gap ordinarily utilized by the alternations 
below the base line. The first two valve tubes carry electrons from the alter- 
nations above the base line to the x-ray tube. The next two valve tubes then 
complete the circuit. This gives maximum use of voltage and equipment. 


Q. Why is alternating current better than direct current? 


A. \t can be sent over long distances with a minimum of loss in transit. 
It is also possible to cut it down from high voltage to the 110 or 220 voltage 
needed in homes and offices. 


Check the statement below which is CORRECT: 


The energy level of electrons in the inner orbits of atoms Is: 
x] High 
LJ Low 


Check the statement below which is CORRECT: 


In a normal atom, the following number of negative charges should be 
present to counteract the number of positive charges in the nucleus: 
[] Twice as many 
x] The same number 
[] Half as many 
(] Four times as many 
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Check the statement below which is CORRECT: 


Electricity is a form of energy primarily because it: 
[] Occupies space 

x} Can do work 

L] Has weight 

[] Has inertia 


Check the statement below which is CORRECT: 


The voltage in the filament circuit of an x-ray tube usually is approxi- 
mately: 














220-240 volts 
10-15 volts 
110-115 volts 
CL) 30-150 Kv.P. 


Check the statement below which is CORRECT: 
The purpose of the choke coil (variable resistor) in an x-ray circuit is to 
regulate the current delivered to the: 
Primary windings of the x-ray transformer 
Autotransformer 
Filament transformer of rectifier tube 
Filament of x-ray tube 


Check the statement below which is CORRECT: 
The following does not significantly affect the strength of an electro- 
magnet: 








| K 



































be 








x} Voltage 
Amperage 
Turns in the coil 
The core 


Check the statement below which is CORRECT: 


The amount of electrical current flowing in a conductor is measured in 
LO) Ma. 

[] Kilovolts 

x] Amperes 

Volts 


Check the statement below which is CORRECT: 


The current flowing between the transformer and the rectifier is: 
Direct current 

High frequency current 

Pulsating direct current 

Unidirectional current 

x} Alternating current 


Check the statement below which is CORRECT: 


Electrical pressure is measured in: 
Amperes 
x] Volts 
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[] Ohms 
L] Watts 
() Ergs 


Check the statement below which is CORRECT: 


A good insulator is: 
() Copper 
L} Silver 
L] Salt water 
x} Oil 
L} Aluminum 


Check the statement below which is CORRECT: 


Since the voltage in the secondary of a step-up transformer is higher 
than in the primary: 
(| Electrical potential in the secondary is higher than in the primary 
The frequency of alternations is increased 
x} Milliamperage in the secondary is less than in the primary 
[] The milliamperage is increased in the secondary 
[] The frequency of alternations is decreased 














Check the statement below which is CORRECT: 


The ratio of a transformer is determined by: 

The relation of the size of the wires in the primary winding to 
those in the secondary 

The relation of the voltage impressed on the primary to the volt- 
age produced in the secondary 

The relation of the number of turns in the primary to the number 
of turns in the secondary 

The relation of the current produced in the secondary to the 
resistance in the primary 


Check the statement below which is CORRECT: 


Of wires of identical material, the one that offers the least resistance to 
the flow of an electric current is: 
Xx] Short and thick 
Long and thin 
Short and thin 
Long and thick 


















































Check the statement below which is CORRECT: 


The wave lengths of x-radiation generally used in radiography are: 
(] Longer than visible light 

x} Longer than gamma rays 

(| Shorter than radium radiation 

| Longer than ultraviolet rays 

(| Longer than infrared rays 





Q. What is an impulse timer and what are its applications in radiog- 
raphy? 
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A. An impulse timer is a very accurate x-ray timer which times an x-ray 
exposure in exact multiples of one impulse; that is, it starts an exposure at a 
zero point of the alternating voltage supplied to the high voltage transformer 
and interrupts it at a zero point of some Subsequent impulse. It permits the 
use of very accurately controlled high-energy exposures. 


Check the statement below which is CORRECT: 


The direction of electron flow through an x-ray tube is: 
[| From positive to negative terminal 

(| Determined by the heat of the filament 

[|] From anode to cathode 

(| Determined by the shape of the focusing cup 
x} From negative to positive terminal 


Check the statement below which is CORRECT: 


In checking the timer of a full-wave rectified x-ray machine using a 
spinning top for '/,, of a second, the number of dots recorded should be: 
f= 6 x] 12 eas Bl Ao L) 60 


Check the statement below which is CORRECT: 


In half-wave rectified x-ray machines operating with a 60-cycle current 
the number of impulses per second passing through the x-ray tube is: 
2 (a 6 
ais xl 60 
iso a) W220) 


Check the statement below which is CORRECT: 


The flow of electrons through a conductor is termed: 
L] Static electricity 
[| Reticulation 
[] Rectification 
|| Chemical action 
| Current electricity 


Check the statement below which is CORRECT: 


The term ‘amperage’ is used to describe: 
(| The direction of flow of electrons through a conductor 
|| The resistance offered to the flow of electricity 
x The number of electrons passing a given point in a conductor 
in a given period of time 
| The electromotive force impressed upon the conductor 
(| The amount of ionization produced in a given quantity of air 
in agiven period of time 


Check the statement below which is CORRECT: 


A line voltage compensator is located: 
x} In the primary circuit 

In the secondary circuit 

Just before the rectifier 

[] Just after the rectifier 

In the filament circuit 
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Check the statement below which is CORRECT: 
Ohm's Law is expressed by: 








BA Volts 
mperes equal 6) > 
Watts 
| —__—_—— 
Volts equa Amperes 
L]) Horsepower is Walls 
= P 746 
() Volts equal Amperes x Watts 
L) A equals '/, bh 


Check the statement below which is CORRECT: 
In checking the timer of a half-wave rectified machine using a spinning 
top for '4) of a second the following number of dots should be recorded: 
Gr el2 (0 24 [J 48 OO 60 


Check the statement below which is CORRECT: 


The pre-reading voltmeter is connected: 

In parallel with the x-ray tube 

Across the rectifier 

Across the primary of the step-up transformer 

In the filament circuit 

[] At the midpoint of the secondary of the high-voltage transformer 


Check the statement below which is CORRECT: 


With a self-rectified unit operating on a 60-cycle circuit the number of 
impulses of radiation striking the film in '/, second will be: 
(alas ] 30 [) 60 120 L) 240 


Opposite each term in Column ‘A’ place the number indicating its defini- 
tion as given in Column ‘B’. 


A B 
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ES Volt 1. Unit of electrical current 
1. Ampere 2. Unit of electrical resistance 
2.) Ohm 3. Unit of electrical pressure 
8 Watt 4. Vion Of AN ampere 
_4  Milliampere 5. 1,000 amperes 
7 Kilovolt 6. Vio00 Of a volt 
7. 1,000 volts 


8. Product of a volt and an ampere 


Check the statement below which is CORRECT: 


An instrument used to measure electromotive force is: 
An ammeter 

[) A microammeter 

A watt-meter 

An r-meter 

A voltmeter 





























x] 
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Check the statement below which is CORRECT: 


If a valve tube in a full-wave rectified machine burns out, the following 
will be noticed when an exposure is made: 
The milliammeter registers zero 
The voltmeter registers zero 
There are marked fluctuations in milliamperage 
The x-ray tube filament will fail to light up 
The milliamperage will be about half the normal amount 








1O 











xX 


Q. Describe the principle and operation of the phototimer on the 
Morgan-Hodges principle. 

A. The phototimer is a combination of a photoelectric cell and various 
electrical devices which, when incorporated in the primary circuit of an x-ray 
generator, will terminate the exposure when the desired radiographic den- 
sity is reached. 


Q. What apparatus is used to produce heat in the filament? 


A. A filament transformer, sometimes called a Coolidge transformer, 
plus a filament control, is used to produce heat in the filament. 


Q. What governs the milliamperage which passes through an x-ray 
tube? How is it varied? 


A. The current passing through a tube filament will govern the milli- 
amperage. This filament current is varied by means of a variable resistance 
called the filament regulator or control. 


Q. For what purpose is an x-ray transformer used in an x-ray machine? 


A. An x-ray transformer is used to generate the high voltage necessary 
for the passage of current through an x-ray tube. 


Q. What is a milllampere-second meter? How is it used? 

A. A milliampere-second meter is a milliammeter having a highly 
damped moving element. It is used to indicate the product of milliampere- 
seconds in short-time high-milliamperage procedures. 


Q. What is the function of the fuse and circuit breaker? What is the 
difference between them? 


A. Fuses and circuit breakers serve to disconnect the x-ray machine 
from the supply source whenever overloading or shortcircuiting occurs. 

The essential difference between them is that a circuit breaker can be 
manually reset after each opening due to an excessive current, whereas 
fuses must be completely replaced each time overload causes their break- 
down. 


Q. If the controls are set for a certain exposure and then the milliam- 
perage is increased—the other setting remaining the same—what is the 
result on the film produced? Why? 

A. The radiographic density of the film will be increased by an amount 
proportional to the milliamperage increase. This occurs because the density 
is directly proportional to the milliamperage employed. 
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X-RAYS AND TUBES 


Q. Explain the theory of the double-focus tube. 


A. The double focus is designed to offer a small projected focal spot 
where low Ma. values can be used for a period of time long enough to ob- 
tain the quantity of radiation required. The large focal spot is used where in- 
voluntary motion is encountered in the subject requiring short exposure 
time. To obtain the required amount of exposure, higher Ma. values are 
necessary. As a limited amount of energy (Ma.) can be focused over a given 
area on the target for a certain period of time before the target will be 
damaged, double-focus tubes are necessary where the sharpest detail is 
desired. 


Q. Explain the theory of operation and advantages of a ‘‘rotating-tar- 
get’ tube. 

A. The amount of energy which can be focused over a given area on 
the target of the tube is limited by the size of the area and the melting point 
of the target material. The “rotating-target tube’ has a beveled tungsten 
disk on the anode stem which is caused to rotate at a nonsynchronous speed. 
By this means relatively cool tungsten is brought under the electron stream, 
thus avoiding some of the limitations on the rating of the tube by the melting 
point of the target materials. With the ‘‘rotating-target” tube higher Ma. 
values are possible with smaller focal spots. 


Q. From the standpoint of tube rating and factor of safety, which would 
be the more conservative method of increasing film density, increasing tube 
current (Ma.) or increasing Kv.P.? 

A. From the standpoint of tube rating and factor of safety the more con- 
servative method of increasing film density would call for increasing Kv.P. 
within the limits of the tube. Exposure time would be the second choice asa 
variable factor to increase density. 


Q. What is meant by the term ‘‘gassy”’ tube, and to what condition or 
conditions is it attributed? 

A. Usually a ‘‘gassy” tube is one which has had the vacuum affected 
by the liberation of gas molecules from the elements by excessive heating 
or where damage to the glass envelope has affected the vacuum. With a poor 
vacuum and gas molecules present, the high voltage will ionize the gas, per- 
mitting an unpredictable current to flow through the tube. 


Q. What causes pitting of the target? Is this harmful to the tube? 


A. Pitting of the target is usually due to overloading the focal area by 
the use of excessively high current values. If the pitting is severe the quantity 
of useful! radiation will be diminished. 


Q. Distinguish between actual and effective focal-spot size. 


A. The effective focal spot is the projected focal-spot size of the tube 
as measured directly below the target area bombarded by electrons. The 
actual focal spot is the area bombarded by the electron stream and is ap- 
proximately three times as long as it is wide. 


Q. What are the advantages and disadvantages of a small focal spot? 
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A. The smaller focal spot produces radiographs with sharper detail. 
However, when the smaller focal spot is used, lower Ma. values must be 
employed. 


Q. Describe how an x-ray tube functions 


A. The filament is electrically heated to the point where free electrons 
are liberated. High potential is placed across the tube focusing the electrons, 
accelerating the electrons to high velocity, and causing them to bombard a 
predetermined area on the target 


Q. What do you understand by the term ‘hot-cathode’’ tube? 


A. The term describes the type of x-ray tube invented by Dr. Coolidge 
in which the operation depends upon the heated filament as an electron 
source. 


Check the statement below which is CORRECT: 
Each wave or quantum of x-ray energy travels at the speed of: 
L] 1180 feet per second 
L} 500 miles per hour 
x] 186,000 miles per second 
L] 53.7 feet per second 
|] 88 feet per second 


Check the statement below which is CORRECT: 


The quality of the x-ray beam is dependent on: 
[| The size of the focal spot 

x} The voltage impressed on the tube 

|] The heat of the filament 

[| The type and size of target 

(]} The milliamperage 


Check the statement below which is CORRECT: 


The quantity of electrons in the cathode stream is dependent directly 
on: 





The size of the focal spot 

The voltage impressed on the tube 
The heat of the filament 

The type and size of target 

The kind of filter used 


Check the statement below which is CORRECT: 


The following is not a property of x-rays: 
Photographic effect 

Fluorescent effect 

Recoil effect 

|] lonizing effect 


Check the statement below which is CORRECT: 


The heel effect is a variation in x-ray intensity output: 
At the tube window 

Along the cathode of the tube 

x] Along the longitudinal axis of the tube 

|] Along the transverse tube axis 


ol eae Xl 
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Check the statement below which is CORRECT: 


The heel effect is limited in its application when using: 
L| Short focal-film distance 
|| Long focal-film distance 
|| Long object-film distance 
x} A large film at short focal-film distance 


Q. What are the fundamental properties of x-rays and how may they 
be detected? 


A. Among the properties of x-rays the following are the most important. 

a. X-rays cause certain substances to fluoresce, thus producing 

visible light. Therefore, a fluoroscopic screen can be used to 
detect x-rays. 

b. X-rays produce a change in photographic film similar to the ac- 
tion of light. A film subjected to radiation will show blackening 
when developed. An unexposed film could be used to detect the 
presence of x-rays. 

c. X-rays increase the electrical conductivity of air through which 
they pass. This is called ionization and is used as a basis for 
measuring and detecting radiation. 

d. X-rays produce certain biological changes in cells that may stim- 
ulate or retard growth. In some cases the cell may be destroyed 
or the form of new cells may be altered. 

e. X-rays can be diffracted in much the same manner as light. This 
property makes x-rays a useful tool in the investigation of molec- 
ular structure of materials. 


Q. How are x-rays produced? 


A. Abeam of rapidly moving electrons is caused to strike some form of 
matter. The bombardment of this “‘target’’ matter by the electrons results in 
the production of x-rays and heat. 


Q. Can x-rays be controlled and how? 


A. X-rays can be controlled by varying the voltage across the x-ray 
tube and by varying the current through the tube. The voltage across the 
tube determines the quality or penetrating power of the x-rays and also has 
considerable effect on the quantity. Variations of the current through the 
tube, which are dependent chiefly on the temperature of the filament, cause 
similar variations in quantity of x-rays produced but have very little effect on 
the quality. 

Q. What portion of the total energy delivered to an x-ray tube at the 
target is given off as x-rays? What becomes of the remaining energy? 

A. In most x-ray apparatus, less than 1 per cent of the total target 
energy is converted to x-rays. The remaining energy appears as heat and 
other forms of energy. 

Q. If x-rays are invisible, how may their presence be detected? 


A. The presence of the rays may be detected by their effects on photo- 
graphic film and on fluorescent substances and by their ability to ionize the 
air through which they pass. 
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Q. If x-rays penetrate all materials, how then is it possible to apply 
them to radiography? 

A. X-rays do not penetrate all matter to the same extent. The penetra- 
tion of a given material will depend on its thickness and chemical composi- 
tion. Because of the varying degrees of penetration for different materials, 
it is possible to differentiate between the various tissues in the body. 


Q. What is primary radiation? secondary radiation? 

A. Primary radiation is that radiation generated at the focal spot of the 
x-ray tube. 

Secondary radiation is that radiation caused by the primary radiation 
striking some material. The quality of the secondary radiation is dependent 
on the atomic number of the material and is usually quite different from that 
of the primary radiation. 


Q. Why is it necessary to have a filament in an x-ray tube? Explain 
fully. 


A. The filament of the x-ray tube is the source of electrons. In order to 
produce x-rays, it is necessary to have a rapidly moving beam of electrons 
strike a target. The filament, when heated, emits electrons. These electrons 
are shaped into a beam by the cathode structure. The rapid motion of the 
electrons is caused by the potential difference between the anode and 
cathode. 


Q. What is a line-focus tube? 


A. A line-focus tube has a straight-line filament so arranged that the 
electron flow strikes the target, forming a narrow-strip focal spot. The angle 
at which the target tips is such that the projection of this strip on the film 
is a small rectangle called the effective focal spot. 


Q. How do you determine the prime factors (Kv.P., time, Ma.) that may 
be safely employed with reference to a given tube and apparatus? 


A. The prime factors that may be safely employed with a given tube and 
apparatus are determined from the equipment-rating charts supplied by 
the manufacturer. 


Q. How would one check the timer of an x-ray machine for exposures 
of less than 7/,, second? 


A. To check the timer of an x-ray machine for exposures of less than 
*/,, second, a spinning top, consisting of a lead disc Superimposed on a 
brass plate and revolving about a pivot point, is placed on a film beneath the 
x-ray tube. An exposure of '/,) or */;) second is made, and the accuracy of 
the timer may be determined by counting the number of black dots which 
show on the processed film. At '/,) second, utilizing self or half-wave rectifi- 
cation, the dots should be six in number; for full-wave rectification, they 
should be twelve in number. 


Q. When a spinning top is used for checking a timer, what effect does 
speed of rotation have? 


A. Speed of rotation of a spinning top has no effect on results of check- 
ing a timer, providing the individual dots on the film can be distinguished. 
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Check the statement below which is CORRECT: 


The advantage of the rotating-anode x-ray tube over the stationary- 
anode tube is: 
[) Its low cost 
|) It permits lower energies to be used 
L] It is small and easily manipulated 
x) It permits high energies with a small focal spot 
|) The focal spot gets hotter 


Check the statement below which is CORRECT: 


If an x-ray tube is gassy the following will usually be noted: 
|} No reading can be obtained on the primary voltmeter 
(J) The tube filament does not light up 
[| The milllammeter does not register any current 
x] There are irregular fluctuations in milliamperage 
|] The valve tubes will not light up 


Check the statement below which is CORRECT: 


Like poles of a magnet: 

xi Repel each other 

_) Attract each other 

(] Neutralize each other 

L] Do not affect each other 

[} Must be made of different materials 


Check the statement below which is CORRECT: 


Milliamperage across the x-ray tube for any given exposure is correlated 
with: 





The heat of the anode 

The heat of the filament 

The size of the target 

The distance between anode and cathode 
The voltage applied to the tube 


JOR O 
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THERAPY AND PROTECTION 


Q. What are the complications to the skin that may develop from x-ray 
therapy ? 


A. Redness, blistering, loss of hair, telangiectasia. 


Name several different conditions treated with superficial x-ray therapy. 


Skin Lesions Infections 
a. Basal Cell a. Otitis media 
b. Hyperkeratosis b. Furunculosis (boils) 
c. Acne c. Pneumonia 
d. Squamous cell d. Herpes simplex (fever blisters) 
e. Warts e. Sty 
f. Keloid (scars) 
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Name several conditions treated with deep x-ray therapy. 
Hodgkin's disease 
Cancer 
Bursitis 
Brain tumors 
Leukemia 
Metastatic bone disease 
Herpes zoster (shingles) 
Q. What is the difference between a cobalt beam and an x-ray beam? 
A. The cobalt beam is made up of two wave lengths. An x-ray beam is a 
mixture (Spectrum) of wave lengths. 
Q. What are the signs and symptoms of radiation sickness? 
A. Nausea, vomiting, headache. 
Q. If you have a copper and aluminum filter, which filter is the exit 
filter (closest to the patient)? Why? 
A. Aluminum: it filters out characteristic rays from copper. 


. What is meant by the term “‘half-value layer’? 
A. That thickness of material that will absorb 50 per cent of the radia- 
tion. 
What is the cone? 
It is a mechanical device used to limit the field of radiation. 


What is its purpose? 


The quantity of scattered radiation may be reduced by using a cone 
small enough to cover only the part to be radiographed or treated. 


ea 


What is the purpose of a lead shield? 
To limit scatter and stray radiation as much as possible. 


What is meant by a ‘hot spot’? 
An area of overlap from two or more areas of treatment. 


What do filters do to an x-ray beam? 

The greater the filtration the greater the half-value layer; a filter 
affects the quality by decreasing the wave length of maximum intensity and 
by decreasing the effective wave length. 


PO DPS 


Q. Would you expect askin lesion to require more or less filtration than 
a bone lesion? Why? 
A. Less filtration, because it is not as hard to penetrate. 


Check the statement below which is CORRECT: 


A thoreus filter is made of layers of: 
Aluminum, copper, tin 
Aluminum, copper, zinc 
Aluminum, copper, brass 
Aluminum, copper, lead 


OOOk 
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Check the statement below which is CORRECT: 


The greatest radiation hazard to an embryo or fetus occurs during the: 
Period right after delivery 

First trimester 

Second trimester 

Third trimester 


Check the statement below which is CORRECT: 


The “r’’ unit is a measurement best suited to determine the: 
Quality of radiation 

Character of radiation 

Quantity of radiation 

Amount of gamma radiation 


Check the statement below which is CORRECT: 


The materials below which are commonly used for protective barriers 
against radiation are: 
x} Lead 
x} Poured concrete 
Polyethelene blocks 
x] Barium plaster 
Check the statement below which is CORRECT: 
Indicate which of the therapy field sizes given below will result in the 
greatest absorbed dose: 
A round area 10 cm. across 
A 10 cm. square area 
L] A rectangle 10 cm. x 15 cm. 
& A15 cm. x 15 cm. square area 


Check the statement below which is CORRECT: 


Beta rays consist of high-speed: 
x] Electrons 

Atoms 

Neutrons 

[J Protons 


Check the statement below which is CORRECT: 


The one type of radiation not commonly used in therapy is: 
x] Alpha particles 
[] Isotopes 
X-rays 
Gamma rays 
Check the statement below which is CORRECT: 
Check the item below which includes both instruments commonly used 
to measure gamma radiation: 
x} lonization chamber and Geiger counter 
[] Geiger counter and ammeter 
Electrometer and voltmeter 
Galvanometer and Geiger counter 
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Check the statement below which is CORRECT: 
The item below which will increase the radiation exposure to the pa- 
tient’s skin is the: 
[] Use of a cone 
(J) Addition of aluminum filters 
[] Use of high Kv.P. and low Ma.S. technique 


x} Use of low Kv.P. and high Ma.S. technique 





Check the statement below which is CORRECT: 


The tissue listed below which is most sensitive to x-radiation is the: 
() Brain 

|} Muscle 

x] Gonads 

L) Skin 





Q. What are the chief dangers to the operator in a radiographic de- 
partment where general radiographic work is done? 

A. The chief dangers to the operator in a radiographic department are 
exposure to the radiation coming directly from the x-ray tube and exposure 
to the secondary and scattered radiation coming from the patient during an 
X-ray exposure. 


Q. How do you protect yourself from stray radiation? 

A. Stand behind a lead screen or, if a lead screen is not provided, stay 
at least 10 feet or more away from the patient during an exposure. If Suitable 
lead screening is not provided, use radiographic cones of sizes just large 
enough to cover the part being radiographed. This will help to limit scattered 
and stray radiation from the patient. 


Q. How much radiation can be given a patient with safety in radio- 
graphic work? 

A. I\t is generally safe to expose a patient to about 2400 milliampere 
seconds, 85 Kv.P. at 30 inches, using only the inherent filtration of the tube. 
This figure must be lowered to about 1790 milliampere seconds for head 
work. If the patient receives the amounts of radiation mentioned, a period of 
4 weeks should elapse before additional radiographs are taken. 


Q. What are ‘scattered rays’’? What measure can be taken to reduce 
their effect? 

A. Scattered rays are the x-rays that are given off by anything in the 
path of the primary x-ray beam during an exposure. The main sources are 
the patient and the x-ray table. The quantity of scattered radiation may be 
reduced by using a cone small enough to cover only the part to be radio- 
graphed. The smaller the area of the primary beam, the less scattered radia- 
tion produced. 


Q. What milliamperage is usually employed for fluoroscopic work? 


A. Usually from one to five milliamperes are employed for fluoro- 
SCOpic work. 
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Q. If you were operating the x-ray machine during radiation therapy, 
what would your duties be during the period of treatment? . 

A. During the treatment periodically check the positioning of the pa- 
tient, making sure that no change in position has occurred. A constant check 
of the x-ray machine factors is also necessary so that proper dosage is given. 
Should the x-ray factors or patient-position change, corrections must be 
made immediately. CAUTION: do not attempt to reposition the patient with- 
out first turning off the x-ray unit. 


Q. Ifan‘‘r’ meter is used to indicate the amount of x-ray being given, is 
a milllammeter necessary? Why? 


A. Yes. Both meters are generally employed as a double check on the 
quantity of radiation being given to the patient. The Ma. meter is also used to 
set the machine for the desired exposure factors and used when calibrating 
the output of the generator. 


Q. In handling filters what precautions should be taken before starting 
treatment? 


A. Double check the filters in position for the treatment against the 
filters called for in the treatment being given to the patient. Request that the 
radiologist also carefully check the filters being used before treatment is 
started. 


Q. What methods do you employ in checking the correct filter in 
therapy? 


A. Visual inspection of the filters in the filter box, checking the filters by 
the indicating system on the control panel and/or by the ‘“‘r’ output as in- 
dicated by the dosage meter on the control panel against the treatment as 
described by the radiologist. 


Q. What means are used for restricting the radiation to the desired 
areas? 


A. Lead or leaded protective material, cones, or diaphragms, and the 
correct target-skin distance. 


Q. What kind of dressing, ointments, solutions, etc., should be avoided 
on the skin in areas that are to be treated? 


A. It is generally a good rule that all dressings, ointments, and solu- 
tions should be avoided unless specifically approved by the radiologist. 


Q. What information (technical factors) is necessary to keep your 
therapy record? 

A. The dose in‘‘r’ units, the Kv.P., Ma., length of treatment time, target- 
skin distance, filters and cones employed. 

Q. How are the quantity and quality of radiation recorded? 

A. Quantity—checked by ionization means. A Victoreen r-meter is 
generally used. Quality—checked by absorption in some metal, the metal 
generally being the same as the added filter material. The quality is thus 
checked by the amount of added filter required to reduce the given intensity 
by half or to the “half-value layer.” 


Q. Define: Depth dosage, erythema dose, radiation sickness, epithe- 
lioma, wave length. 


342 


Study Questions 


A. Depth dose—amount of radiation absorbed at the desired depth 
in the body. 

Erythema dose—amount of radiation necessary to produce a notice- 
able skin reaction. 

Radiation sickness — general systemic disorder produced by the destruc- 
tion of irradiated tissue. 

Epithelioma—a malignant tumor consisting mainly of epithelial cells 
and primarily derived from the skin. 

Wave length—since radiation is generally considered to be a wave dis- 
turbance it must have a wave length. The length of one wave is the linear dis- 
tance, in the direction of propagation, between two points of the disturbance 
which are in the same phase; that is, the distance, for example between suc- 
cessive crests or troughs, so to speak, of the disturbance. 


Check the statement below which is CORRECT: 


The following devices are not used in measuring the adequacy of x-ray 
protection: 








Film badges 
Minometers 
Voltmeters 
lonization chambers 
Dental films 


Check the statement below which is CORRECT: 


The safe tolerance amount of whole body radiation per week is about: 
3.0 roentgens 

[J 10.0 roentgens 

100.0 roentgens 

Xx] 0.3. roentgens (300 milliroentgens) 

O 0.001 roentgens (_ 1 milliroentgen) 








| X] 
































Q. Why does the radiotherapist prefer two parallel opposed ports to 
one single port if the tumor is located in the midpelvis? 


A. With two parallel ports more radiation is given to the tumor than to 
the skin. 

Q. Which machine gives more backscatter on the skin, the cobalt-60 
or the 250-Kv. machine? 

A. The 250-Kv. machine. 


Q. What will the treatment time be in minutes and seconds for 365 r if 


you have 
Field size: 10 x 15 cm. 
TSP: 85 cm. 
Output on surface: 73 r/min. 
A. 5 min. 


Q. If the depth dose percentage at 6 cm. is 73.3 per cent and the patient 
received 785 r to the surface, how many r has the patient received at 6-cm. 
depth? 

A. 575.4 r (rounded off). 


Q. Which of the following ports would have to have the shorter treat- 
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ment time to deliver the same surface dose, a6 x 10-cm. port ora 10 x 12-cm. 
port? 

A. The 10 x 12-cm. port. 

Q. How would you change your treatment time to give the same surface 
dose if you doubled the TSD? 

A. Four times the treatment time (inverse square law). 

Q. A patient is being treated on a cobalt-60 machine and has a bandage 
5 mm. thick within the treated area. Where will the maximum dose be? 

A. Tothe skin. 


Q. What is the advantage of using a wedge? 

A. The wedge helps prevent a ‘‘hot spot” in an area and gives uniform 
dosage throughout the treated area. For example, a wedge Is used in treating 
the tonsil, which is not located in the center of the neck but to one side. 

Q. Why isthe surface dose always larger than the air dose? 

A. The surface dose is the result of the air dose plus backscatter, 
whereas the air dose is only the dosage at a given point in the air. 

Q. What does the filter on the superficial machine do to the beam? 


A. The filter on the superficial machine screens out the soft rays, thus 
hardening the beam and giving more penetration. 
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TECHNOLOGY: TYPICAL QUESTIONS 


Select the best answer from the following multiple-choice questions. Check 
the square for the answer which you believe to be correct. 


1. Radiation doses to the occupational personnel are measured in 
units of 
xk] rem 
rep 
rad 
roentgen 














2. The accumulated occupational maximum permissible dose from x-, 
gamma, or beta radiation to the whole body is calculated by using the formula 
x] MPD = 5(N — 18) rads 
MPD = 5N — 18 rads 
MPD = 5(18 —N) rads 
MPD = 5(N) — 18 rads 


3. One method that is useful to keep radiation exposure to a minimum is 
x] the inverse square law 

using the largest possible x-ray beam 

standing as close as possible to the table during fluoroscopy 
never wearing a lead protective apron 
































4. The allowable dose of radiation which will produce no detectable 
damage to the individual is known as the 
x] maximum permissible dose 
gonadal dose 
whole-body dose 
cancerocidal dose 




















5. The unit of absorbed dose is the 
[J] rem 

x] rad 

kilovolt 

rep 











6. The total filtration of the useful beam shall be equal to at least 
(] 1mm. lead 

x] 2.5 mm. aluminum 

(} 4.5 mm. aluminum 

3 mm. copper 
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7. \f alead apron is worn, the monitoring device should be worn 
|] outside of the apron 

] under the apron 

_} on the wrist 

need not be worn at all 


8. The area under bombardment by electrons is known as the 
effective focal spot 

actual focal spot 

large focal spot 

double focal spot 

















| K 








9. Heat units are a product of 
Ma. X time 
Kv.P. xX time x 2 
x] Kv.P. x Ma. Xx time 
L) Ma. x time x distance 
10. In x-ray production, kilovoltage and wave length are interdependent 
in the following way: 
Wave length increases with increase of kilovoltage 
x] Wave length decreases with increase of kilovoltage 
Wave length is proportional to the square of kilovoltage 
Wave length is proportional to the inverse square of kilovoltage 



































11. Beta particles are also called 
protons 
helium nuclei 
x] electrons 
neutrons 

12. In electrification by induction the kind of charge conferred on a 
metallic object placed in the field of a charged object is 

x] the opposite kind 

the same kind 
positive 
negative 

13. You get the electrons to move from the cathode to the anode of an 
x-ray tube 





















































by heating the filament to a higher temperature 
by having a vacuum inside the glass envelope 
Xx] by putting a high voltage across the x-ray tube 
by introducing a focusing cup 


14. Atype of radiation called secondary (scattered) would be that which 
emerges from the tube and reaches the patient 

emerges from the patient and reaches the film 

] scatters on contact with the patient 

controls image distortion 


15. The film emulsion is composed of 
potassium bromide 

silver plus gelatin 

Xx) silver halide plus gelatin 
gelatin 
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16. Gamma rays are 

[] high-speed electrons emitted by radioactive nuclei 

Xx] electromagnetic radiations coming from atomic nuclei 

[] produced when electrons jump between electron orbits in atoms 
emitted by all radioisotopes 














17. The pair of bones that form most of the lateral wall and part of the 
roof of the skull are 
Xx] parietal bones 
sphenoid bones 
nasal bones 
occipital bones 


























18. The immovable joint that separates the frontal from the parietal 
bones is 





temporomandibular joint 
lambdoidal suture 
sagittal suture 

x] coronal suture 

















19. The mastoid process is part of the bone called 
[] occipital 

&] temporal 

[] sphenoid 

zygoma 














20. The process by which carbon dioxide and oxygen are exchanged in 
the body is known as 
[|] apnea 
anoxia 
expiration 
respiration 




















kk) 


ile 


n radial deviation the wrist is turned 
inward 

upward 

outward 

medially 





) 23) (5) 1 


Opposite each term in column |, place the letter representing the correct 
definition as listed in column Il. 


22. a_ oblique a. rotated from true AP 
23. e lateral decubitus b. straightening of the part 
24. b_ extension c. with part moved away from 
25. c abducted the midline 
26. d_ dorsal d. toward the back 

e. lying on the side 

f. flexion 


27. The malleoli are used as landmarks when making a radiograph of 
x] AP ankle 
[} PA knee 
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AP shoulder 
AP elbow 


28. With the patient in the supine position, the radiographic baseline 
is placed parallel to the film. This is called the 
|] posteroanterior position 
[) Towne position 
x] submentovertical position 
L] reverse Towne position 


ie 
i) 


29. If the medial plane, radiographic baseline, and central ray beam are 
all perpendicular to the x-ray table, and the interorbital line and coronal plane 
are parallel to the table, the skull is positioned in a true 
x] posteroanterior view 
lateral view 
reverse Towne view 
base view 


























30. The size and shape of the spleen, liver, and kidneys are best 
visualized in the following view of the abdomen 
right anterior oblique 
x] anterior and posterior supine view 
lateral view 
anteroposterior view with x-ray beam horizontal 























31. The following is (are) radiographed in the upright position to dem- 
onstrate fluid levels: 
parotid duct 
x] sinuses 
mandibular menti 
spinosum ovale 

















32. A line drawn between the pupils of the eye is called 
Reid’s baseline 

the canthomeatal line 

the orbitomeatal line 

Xx] the interpupillary line 


33. The view that best demonstrates the intercondyloid notch or space 
is (are) the 
































L] anteroposterior view of the mandible 
&] tunnel view of the knee 
transthoracic view 

oblique views of the patella 

















34. The anteroposterior projection of the cervical spine through the 
open mouth will demonstrate the following: 
C-7 
upper and lower molars 
x] atlas, axis, and odontoid process 
foramen magnum 


























35. It is sometimes necessary to have the patient breathe during the 
exposure for a lateral thoracic spine 
to shorten the exposure 
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Final Examination Questions 


to blur out the vertebra 
to blur out the superimposed ribs 
to demonstrate the movement of the diaphragm 


36. The shallow-breathing technique is used on the following examina- 


tion: 





pele 











kK) 


lateral view of the neck 
lateral view of the sternum 
lateral chest 

oblique view of the sternum 


37. To visualize the ribs below the diaphragm to best advantage, the 
patient must be instructed to 


IO WO 





38. In 





[ 














K 


397 ain 











OX 


40. The term extension refers to the 














(x) 


Ta 


41. Posterior, or dorsal, designates the 


K) 














42. Caudal refers to a part that is 


bd 











O 


43. Distal refers to a part that is 


structure. 











O 
Xj 
B 


take in a deep breath and hold it 
exhale fully 

breathe normally 

hold his breath for 10 seconds 


adduction, the part is moved ____ the central axis of body. 
upward from 

downard from 

away from 

toward 





abduction, the part is moved 
upward from 

downward from 

away from 

toward 


the central axis of the body. 


of a joint. 





bending 

turning inward 
straightening 
turning outward 


part of the body or organ. 





front 
back 
side 
top 


the head of the body. 





away from 
toward 

in back of 
in front of 


the beginning or origin of a 





adjacent to 
on top of 
away from 
near 
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44. Proximal refers to a part that is the beginning or origin of a 


structure. 
[ 
[ 
[ 
Xx! 


adjacent to 
on top of 
away from 
near 


45. The Trendelenburg position consists of the patient 


x] 











supine with feet and legs elevated 
supine with head elevated 

in kKnee-chest position 

lying on the side 


46. When examining the lowest four pairs of ribs, it is best to project 


them 


K) 











el 


below the level of the diaphragm 
above the level of the diaphragm 
laterally 

in flexion-extension 


47. The largest tarsal bone, also known as the heel bone, is the 


UO 














Lx) 


cuneiform 
cuboid 
talus 
calcaneus 


48. The ankle joint is formed by the articulation of the 











Xl 








talus with the calcaneus 
calcaneus with the cuboid 
talus with the tibia and fibula 
talus with the navicular 


49. The largest sesamoid bone in the body is the 














XX 


femur 
pelvis 
calcaneus 
patella 


50. In radiography of the sacrum in the anteroposterior position, the 
central ray is directed 








IL &) 











perpendicular to the film 

cephalad 

caudad 

to a point 2 inches above the superior iliac spine 


51. The three main components of the sternum are the body, xiphoid, 


and 
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acromion 
glenoid 
manubrium 
pedicle 


52. 


Final Examination Questions 


The most satisfactory radiographic examination of a long bone 


suspected of being fractured should include 


53. 


54. 


So: 





the joint proximal to the injury 

a similar bone for comparison 

the joint distal to the injury 

X] joints both proximal and distal to the injury 

















The five metacarpal bones are located in the 
wrist 

[] ankle 

x] hand 

L] foot 


Fractures of the facial bones are better demonstrated by 
[] angiography 

osseous venography 

arthrography 

x] laminography 





























The primary purpose of a pelvimetry examination is to determine 


the measurements of the 


56. 





fetus and placenta 
Xl] pelvis 

fetal head 

fetal age 




















An autotomogram during the erect filling phase of pneumoen- 


cephalography is taken to demonstrate the following structures 


57. 


58. 


So: 





&] fourth ventricle 

L) lateral ventricle 

L] corpus callosum 
anterior cerebral artery 











A “blow out”’ fracture of the orbit will best be demonstrated on 
a PA projection of the skull 

a modified Waters projection 

a lateral projection 

none of the above 








OO & 


na lateral projection of the knee, the C.R. is directed 
perpendicular to the joint 

at an angle of 5 degrees cephalic 

at an angle of 5 degrees caudally 

at an angle of 10 degrees caudally 

at an an le of 10 degrees cephalic 


] 








Lk 














In a radiograph of the cervical spine in the oblique projection, the 


structures demonstrated are 


[] an oblique view of the cervical bodies 

a profile view of the intervertebral foramina 
the pedicles 

all of the above 

all of the above except the pedicles 














OO KI 
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60. Reid's baseline is also known as the 
glabellomeatal line 
infraorbitomeatal line 
orbitomeatal line 

acanthiomeatal line 
interpupillary line 


1k O 


61. In examining the abdomen for a possible ruptured viscus, radio- 
graphs made in the upright and/or decubitus positions are primarily intended 
to demonstrate 
(] gas and fluid levels 
x] free gas in the peritoneal cavity 
(] mobility of organs 
|] presence or absence of psoas shadows 


62. A fracture of the zygomatic arch may best be demonstrated in the 
PA view of the skull 

submentovertex view of the skull 

anterioposterior view of the skull 

parietoacanthial view of the sinuses 


OkXO 











63. In making a radiograph of the coccyx in the AP position, the cen- 
tral ray is directed 
perpendicular to the film 
to a point 2 inches below the pubis 
cephalad 
x] caudad 

















Select the answer which would utilize the following position: patient prone; 
right side elevated away from the tabletop; left anterior portion of the body 
in contact with the tabletop. 


64. {J oblique stomach and duodenum 
oblique of the right hip 

oblique sternum 

Xx] oblique gallbladder 

















65. left anterior ribs— oblique 
Xx] right anterior ribs— oblique 
right scapula—lateral 

right clavicle— oblique 




















Select the answer which would utilize the following position: patient prone, 
left side elevated away from the tabletop; right anterior portion of the body 
in contact with the tabletop. 


66. (J) gallbladder—oblique 

x] stomach and duodenum -— oblique 
L] left scapula—lateral 

oblique of the left hip 
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67. & lateral right scapula 

(] lateral left scapula 
right anterior ribs— oblique 
gallbladder — oblique 

















68. The bones articulating at the knee joint are the 
> femur and tibia 

[] femur and fibula 

() fibula, tibia, and femur 

femur, patella, and fibula 














The names of certain bony structures are listed below. For each, indicate 
the location of the structure by writing the proper letter beside the name of 
the process or foramen of the bone in which it is found in the list on the right. 


69. b_ alveolar process a. mandible 

70. c_ olecranor process b. maxilla 

71. e obturator foramen c. ulna 

72. a mental foramen d. occipital bone 


e. innominate bone 


73. Inthe group of anatomical words below, indicate the one which is 
not related to the others: 
psoas 
quadriceps 
Xl sternoclavicular 
diaphragm 


























74. In the AP projection of the knee joint, the anatomical landmark 
centered to the film is the 
|] popliteal fossae 
x] lower border of the patella 
head of the fibula 
upper margin of the patella 

















75. Inthe group of anatomical words below, indicate the one which is 
not related to the others: 
[|] symphysis 
coranoid 
x} coracoid 
angle 























76. In the group of anatomical words below, indicate the one which is 
not related to the others: 
multangular 
navicular 
pisiform 
X talus 























Here are four sets of technical factors to be used in routine radiography of a 
particular anatomic region. In each question, select the set of factors which 
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would produce a radiograph with the greatest density, all factors not listed 
remaining the same: 















































Time in Grid Screen 
Ma. seconds FFD Kv.P. ratio speed 
i lO) ess 40 74 V2 medium 
LJ 100 We 40 76 Lea medium 
lo) a} 40 74 8:1 medium 
x] 200 Uf 40 76 6:1 medium 
Sen lO) 1 36 78 12:1 slow 
[1 100 Ws 40 76 V2 medium 
x) 150 Up 36 74 12:1 medium 
11 200 Vp, 40 78 172) slow 
19y aloo 1 40 65 8:1 slow 
[_] 100 oA 40 65 8:1 slow 
LJ 200 ts 36 65 8:1 medium 
XX 150 1 36 65 8:1 medium 
80. 150 Men 36 72 et medium 
[} 200 Thy 36 76 en medium 
xX] 300 If; 72 76 1241 medium 
L) 100 oO 40 ie Zea medium 
81. bh 200 Te 40 76 Zea high 
150 fo 40 76 ea medium 
LJ 100 Ui 40 68 WAI medium 
iso Ip 40 68 Ze slow 











82. Radiographic contrast is chiefly influenced by the 
[] milliampere-seconds 

x] kilovoltage 

milliamperage 

time 

















83. Compared to primary radiation, secondary radiation has 
shorter average wave lengths 

Xx] longer average wave lengths 

greater average frequency 

similar average frequency 














84. Exposure latitude is long or short according to the 
distance 
millamperes 
time 
Xx kilovoltage 

85. A patient's chest measures 23 cm. in the anteroposterior diameter. 
Body section radiographs are to be made in the anteroposterior position of a 
questionable lesion 3 cm. posterior to the anterior chest wall. The fulcrum 
should be set at 
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3 cm. 

2.0 cm. above the mid-plane of the chest 
&l 20.0 cm. 

23.0 cm. 














If one is checking the timber of a full-wave rectified x-ray machine, the num- 
ber of dots recorded on the film should be as follows: 


86. At '/,, second: 
6 
xl 12 
3 
16 


Ye) second: 




















87. 


x] > 








] 








4 
6 
8 





88. 


oo 


3) second: 


3 
2( 


XO 














oo; 


a 


5) second: 





K) OO | 





90. 


Ze 


Yio9 Second: 











2 
4 
6 
8 
/, 
2 
3 
6 
4 
/ 
2 
1 
3 





Oo’ 


4 
89. At /,, second: 


91. For calculating the heat units of an x-ray tube operating on full- 
rectified single-phase current, then changing the calculations to cover a 
three-phase machine, to accommodate the change to three-phase, the heat 
units formula must be multiplied by: 

1) 0.7 
xX 1.3 
al 220 
[1] 3.0 


92. In agrid which has lead strips 0.5 mm. apart and 4 mm. deep, the 
grid ratio is 
alae 
jel Gut 
Xl 8:1 
fe) WF 
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In stereoscopy, the amount of tube shift is chiefly determined by the 
x] focus-film distance 


object-film distance 
thickness of the part 
size of the focal spot 


The function of contrast in a radiographic film is to 


decrease latitude 
increase the average density 
provide background density 


x] make detail visible 
The higher the grid ratio, the greater the 


radius of the grid 
speed of exposure © 
“cleanup” of the grid 











focus-film distance required 


96. The geometric law of image formation is used in the following 
radiographic examination(s) 


cardioangiography 


] cephalopelvimetry 








discography 
placentography 








Iie 
cause 


98. 


Jor 


100. 


101. 


Three-phase generators are more efficient than are full-wave be- 


)] voltage never drops to zero 





cables are larger 








there is higher milliamperage at longer exposures 





they are more expensive to purchase 


The following is (are) not essential to the production of radiation: 
source of electrons 





x 


oscilloscope 





sudden stoppage of high-speed electrons 








electrons in high-speed motion 





Sel an a eels 


oor screen contact reduces 
density 
contrast 
distortion 
definition 





The advantage of a rotating anode tube over a stationary tube is 
a larger field coverage 





a greater tube capacity 








OOewO 


an increase in contrast 
less expense in operating 


A radiograph is made using an 8:1 grid. If a 16:1 grid replaces 





the original 8:1 grid, to maintain the same density we need to 
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decrease the amount of radiation 











|] make no change 


Final Examination Questions 


x] increase the amount of radiation 
use a large focal spot 














102. A cone sufficient to cover a 14 x 17-inch film is used to produce a 
satisfactory radiograph. If a 4-inch cone is used to cone down on the gall- 
bladder, with no other factor changes, the resulting radiograph will exhibit 
mottled density 
more density 
Xx] less density 
same density 




















103. The half-value layer (hvl) is 

x] the thickness of material that reduces the intensity of the x-ray 
beam by a factor of 2 

the kilovoltage used for measurement of intensity 

L] the milliamperage that reduces the intensity by a factor of 2 
the filter added on top of the x-ray tube 




















104. The following would produce radiographs with the best detail 
sharpness on a small part: 
detail screens 
ultra-detail screens 
high-speed screens 
x] direct-exposure technique 








HB 








109. A film is made of the knee, using a cassette and tabletop exposure. 
Another x-ray is made with the film in the Bucky tray; all the exposure fac- 
tors are the same for both exposures. The second film (Bucky) will exhibit 
(] more density 
[] no change in density 
greater detailed sharpness 
less detailed sharpness 
less density 























bx 





106. Short-scale contrast is defined by 
high contrast 

[|] low contrast 

L] product of high kilovoltage 
product of secondary radiation 


Xx] 











Please read carefully. 


A radiograph has been taken of a lateral skull. The film is entirely satis- 
factory. Having been properly processed, it is placed on a view box to be 
used as a standard for comparison with a series of films to be taken of the 
same skull. In each of the ensuing exposures only one factor or condition 
is changed from the original. 

Each of the resulting radiographs is to be compared with the original in 
some respects. You are to determine from your own knowledge in what 
regard or regards each of the experimental films will differ. A 1.0-mm. focal 
spot. Intensifying screens. Develop 5 minutes at 68° F. Bucky diaphragm 8:1. 
Cone cover 10 times 12-inch film. 40-inch focus-film distance, 100 Ma., 0.5 
second, 65 Kv.P. 
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bove information is to be used in answering questions 107-109 


Twenty-four-hour development would increase 
detail 
density 
contrast 
magnification and/or distortion 


Increased object-film distance would primarily decrease 
detail 
density 
contrast 
magnification 


A three-inch mastoid cone would increase 
density 
contrast 
detail visibility 
magnification and/or distortion 
The type of radiation called primary is 
that which emerges from the tube and reaches the patient 
that which emerges from the patient and reaches the film 
that which is controlled by Ma.S. 





ial 


1K] OI 


2s 








OOK 


Niles 








(eae eal el 


114. 











OOkeO 


ili 


that which is controlled and cut off by cones 


High-ratio grids, in the control of radiographic quality, 
prevent distortion 
filter out 100 percent of the remnant radiation 
move back and forth under the x-ray table 
filter out a high degree of scattered radiation 
reduce expense or cost 


Visual detail may be partially obliterated by 
poor screen film contact 
too great a tube-to-film distance, causing magnification 
too great a distance between the cathode and the anode of the 
x-ray tube 
decreasing Kv.P. and increasing Ma.S. in proper ratio 
industrial film 


A decrease in grid ratio would result in 
no change in exposure 
increase in exposure 
decrease in exposure 
out-of-focus exposure 


Minor degrees of overloading of the tube will result in 
a defective ohmmeter 
pitting of the target 
buildup of filtration on the tube window 
filament burnout 


A timer measuring impulses of alternating current starting at zero 


and terminating at zero isa 
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mechanical timer 
synchronous timer 
Geiger counter 
impulse timer 








XOOO 


116. Three-phase equipment utilizes more of the peak Kv.P. than does 
conventional full-wave (four-valve tube) equipment. The percentage of effi- 
ciency of three-phase equipment is 
95 
70 
80 
100 


117. An exposure is made at 40 inches focus-film distance, using 100 
M.S. At 60 inches the exposure required would be 
50 Ma.S. 
() 150 Ma.S. 
x] 225 Ma.S. 
L] 300 Ma.S. 


118. The sharpness of detail in a radiograph is decreased by the use of 
a large focal spot 

a grid 

a decrease of 10 Kv.P. 

increased filtration 








ee 








x] 





























119. In body-section radiography a thin section of the body may be 
obtained by 





a short amplitude and a long target-film distance 
x} along amplitude and a short target-film distance 
a short amplitude and a short target-film distance 
[] along amplitude and a long target-film distance 


























120. The following combination determines the thickness of the plane 
portrayed by body section radiography: 
length of tube travel and part-film distance 
x] target-film distance and length of tube travel 
[] part-film distance and speed of tube travel 
speed of tube travel and length of tube travel 























121. The following instrument(s) would be used to demonstrate the 
effect of kilovoltage on contrast: 
[] aspinning top 
a ballistics meter 
an oscilloscope 
x] an aluminum step wedge 

















122. When proper radiographic detail cannot be obtained because of 
excessive part-film distance. The following change in technique may be used 
to improve the detail: 
change the Kv.P. 
increase the time 
change the Ma.S. 
increase the focus-film distance 














HOO! 
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123. When using a Bucky with a focused grid, if the lateral edges of the 
film lose density, it is an indication that the 
|] grid travels too fast 
x] focus-film distance is too great 
[] tube is not perpendicular to the grid 
(] part-film distance is too great 


124. A radiograph is made using a 16:1 ratio Bucky. The resulting film 
shows longitudinal streaks of uneven densities. These are probably caused 
by the 
x) central ray not being directed to the center of the table 
Bucky moving unevenly during the exposure 
Bucky stopping at some time during the exposure 
film moving during the exposure 











125. “The range between the minimum and maximum exposure that 
will produce a scale of translucent densities acceptable for diagnostic pur- 
poses’: this is a definition of 
[] contrast 
wave amplitude 
x] exposure latitude 


() absorption differential 

















126. The chief purpose of a filter of aluminum placed beneath the 
aperture of a radiographic tube is to 
control the latitude of the radiographic image 
eliminate the light given off by the filament 
x] absorb some of the longer wave lengths 
filter out undesirable stem radiation 




















127. The four possible sets of technical factors listed below are to be 
used in routine radiography of a particular anatomic region. Select the set 
of factors that would most likely produce a radiograph with the most mag- 
nification, with all factors listed remaining the same: 

[] 25 Ma.S., 1-mm. focal spot, 40-inch focus-film distance, 4-inch 
part-film distance 
20 Ma.S., 2-mm. focal spot, 36-inch focus-film distance, 4-inch 
part-film distance 
<x] 25 Ma.S., 2-mm. focal spot, 36-inch focus-film distance, 6-inch 
part-film distance 
25 Ma.S., 1-mm. focal spot, 40-inch focus-film distance, 6-inch 
part-film distance 














128. The single factor that does the most to control radiographic detail 
is the 
kilovoltage 
Potter-Bucky diaphragm 
object-film distance 
intensifying screen 


eel 














L) k 


129. To comply with Handbook No. 76, the total filtration in the useful 
beam should be 
1.0 mm. aluminum 
2.0 mm. aluminum 
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3.0 mm. aluminum 
not less than 2.5 mm. aluminum 
2.5 mm. aluminum 


x) 








Currently used arteriography contrast agents all contain 
sodium 

(] meglamine (methyl glucamine) 

J iodine 

benzene 

















A drip-infusion study is an examination of the 
fallopian tubes 
lymphatics 
salivary ducts 

x} renal pelves 




















Short exposure times are most helpful in 
urography 
pneumoencephalography 
venography 
angiocardiography 




















XX] | 


In this list of special examinations the following item does not 


belong in the series: 


134. 





retrograde aortography 
[] venacavography 

x] hysterosalpingography 
cerebral angiography 














In the following list of special examination, the following item does 


not belong to the series: 


135. 


136. 


137. 





peri-renal air insufflation 
x] splenoportography 

[| retrograde pyelography 
nephrotomography 














A pneumoencephalogram is an examination of the 
Xx] ventricular system 

retroperitoneal space 

arteries of the brain 

uterus and ovaries 




















The Sweet’s localizer is likely to be used in an examination of the 
sinuses 

xl eye 

GI tract 

bladder 

















Three of the following items are used as contrast media in radiog- 


raphy. Select the one which is not so used. 


Air 

Carbon dioxide gas 
Isotonic saline 

lodized poppy-seed oil 








OWO! 
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138. Compared with an x-ray tube used in radiography, a deep-therapy 
tube is operated at 
(] Higher Ma. and lower Kv.P. 
[] Higher Ma. and higher Kv.P. 
() Lower Ma. and lower Kv.P. 
x) Lower Ma. and higher Kv.P. 


139. In doing intravenous opaque studies, the following equipment 
should be provided for the maximum safety of the patient: 
|] Sphygmomanometer 
&) Emergency kit with oxygen 
[|] Intravenous cutdown set 
[) 5% dextrose solution 





Complete the following short answer questions: 
What is the difference between the following? 
140. Projection 
141. Position 
142. View 
143. What views are taken of any anatomic part? Why? 
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INDEX 


Abdomen, children’s, exposure guide, 
221 
exposure guide for, 178, 215 
fistulae in, procedure, 147 
high Kv.P. guide, 235, 238 
pathology procedure, 147 
radiation dosage and, 258 
Abscess, encapsulated, penetrability, 
161 
Absorption, air, 3 
of x-rays, bone and flesh, 139 
by grids, 47, 59 
by tissues, 135 
Accidental motion, 158 
Acetabulum, 307, 308 
Acidity, of fixer, 31 
Acromegaly, 161 
Acromioclavicular joint, procedure, 144 
Acromion process, procedure, 307 
Actinomycosis, 161 
Additive penetration, 161 
Adjustment for equipment, 224 
for pathology, 224 
Age, correction factors for children and 
infants, 105, 175 
Air-contrast radiograph, 229, 231 
Air-gap technique, 194, 198-99, 202, 
239, 240 
Air tubes, correcting, 40 
Alignment of tube, and anode heel 
effect, 61 
Alternating current, 326 
Aluminum, in filters, 44-46, 155 
Aluminum sulfate, in fixer, 31 
Ampere, 324 
Aneurysm, of aorta, 147, 161 
Angiocardiogram, positions for, 241, 242 
Angle of tube, 100-101 
Ankle, exposure guide, 218, 221; high 
Kv.P., 237; with screen, 218 
procedure, 144, 176, 196 
thickness, 208 
Anode heel effect, 59-61, 141 
chart, 60 
Anthracosis, penetrability, 161 
Aorta, aneurysm of, penetrability, 161; 
procedure, 147 
Appendix, identified, 308 
Arm, thickness, 207 


Arterial system, of skull, procedure, 
146 
Arteriograms, screen for, 25 
cerebral, technique, 242 
Arthritis, of sacroiliac, procedure, 146 
degenerative, penetrability, 161 
Artifacts, in film, 12, 35-36 
Asbestosis, penetrability, 161 
Ascites, penetrability, 161 
Ashes, in cassette, 29 
Asthenic habitus, 155—56 
Asymmetry, procedure, 155 
Atelectasis, defined, 311 
penetrability, 161 
Atlas, defined, 307 
Atlas and axis, 307 
procedure, 144, 237, 317 
Atrophy, allowance for, 211 
and measurement, 160 
penetrability, 161 
procedure, 224 
Attenuation coefficient, 131-32 
Auditory canal, identified, 308 
Auditory ossicles, high-Kv.P. technique 
for, 198 
Automatic processing, 30-35 
advantages, 34-35 
development, 29-30 
effect of temperature, 33 
film-feeding chart, 32 
and light-tightness, 26 
silver recovery, 29-30 
trouble chart, 38-41 
Axis, identified, 307; see a/so Atlas and 
axis 


Backscatter radiation, 18 
on skin, 343 
Barium lead sulfate, phosphor, 23 
Base, of film, 3 
Beam restrictor, use, 83 
Beam shape, of collimator, 42 
Beck’s sarcoid, penetrability, 161 
Bierman and Boldingh, formula, 191 
Biliary tract, procedure, 148 
Bite-wing film, 5 
Bladder, urinary, identified, 308, 309 
procedure, 148 
Blank film, correcting, 37 
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Blastomycosis, penetrability, 161 
Bleaching, by fixer, 32 
Blotchiness, in film, 33 
Blue fluorescence, 23 
Blu-Ray duplication, 6-7 
Bone, absorption of radiation, 134, 139 
density and, 143 
long, identified, 311 
petrous, radiographs, 101 
and secondary radiation, 115 
Bone age, of ankle, 144 
of wrist, 143 
Bone disease, allowance for, 210, 224 
Bones, dried, 171-72 
facial, fracture, 147; exposure guide, 
175 
Bowel obstruction, penetrability, 161 
Brachycephalic skull, 155 
Breast, radiography of, 5, 148 
pendulous, penetrability, 161 
Bronchial trees, procedure, 147 
Bronchiectasis, defined, 311 
penetrability, 161 
Bronchitis, defined, 311 
Bronchogram, 228-29 
exposure guide, 241 
Bucky, Gustav, 46 


Bucky diaphragm (Potter-Bucky), 46-49, 


82-83, 189-90 
adjustment, 263 
and cone, 77 
cutoff, 37 
effect on fog, 77 
with grid, 46, 48, 54, 57-58 
limitations, 52 
for radiation fog, 115 
rule for use, 57-58 
tables, 191 
technique, 155, 171 
Bursa, subdeltoid, procedure, 144 


Cahoon, John B., Jr., techniques of, 
191, 197 
Calcaneus, identified, 308 
Calcification, penetrability, 161 
abdomen, procedure, 147 
Calcinosis, penetrability, 161 
Calcium tungstate, phosphor, 23 
Caldwell projection, 51-52, 168 
radiation dosage, 253, 257 
Calibration of radiographic unit, 21-22, 
153 
importance, 94, 202 
Calipers, in measuring, 160 
Cancer, of lungs, 147 
and radiation dosage, 203 
Canthus, identified, 308 
Cardboard angles, use of, 155 
Cardboard film holder, 4, 155, 290-91 
and exposure guide, 223 
exposure time with, 23 
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Cardboard film holder (cont.) 
and fogging, 28 
when impractical, 173-74 
Carcinoma, penetrability, 161 
Cardiac cycle, adjusting exposure to, 
159 
Carotid canals, procedure, 145 
Carpal canal, procedure, 143 
Cassette, 18-21 
dust in, 25 
faulty placement, 37 
phototimer, 18-19 
vacuum, 201 
warped, 19 
Cassetteless radiography, 22 
Cast, see Plaster cast 
Cathode, hot, 335 
Cecum, identified, 308 
Cellulose, in film, 3-4 
Centering the tube, 51 
Central ray, intensity of, 60 
Cerebral arteriogram, table, 242 
Cervical spine, children, exposure guide, 
221 
exposure guide, 176, 177, 214-15, 221; 
high Kv.P., 234, 237 
magnification, 243 
procedure, 144 
radiation dosage, 253, 257 
radiography with stationary grid, 52 
Cervical vertebrae, thickness, 208 
Charcot joint, penetrability, 161 
Charts, exposure, making, 184-85 
formulating, 153-85 
value of, 202-3 
Chassard projection, radiation dose, 255 
Chest, adjustment of exposure, 224 
air-gap technique, 194, 198-99, 202, 
239, 240 
child’s, exposure, 162-64, 179, 219 
exposure guide, 176, 178, 179, 212-13 
with fluid, 163 
fogging of film and, 28 
graph of thickness, 209 
high-Kv.P. technique, 202, 233, 236, 
240 
with Hodgkin’s disease, 163 
infant’s, 179, 219 
interlobar effusion, procedure, 147 
and Kardex, 227 
motion in, 159 
penetration, 162-64 
procedure, 146, 195 
radiation dosage, 252, 256 
radiation in exposure with grids, 47 
radiograph, 92-93; with grid, 252-53; 
high-Kv.P., 199 
rapid exposure for, 301 
thickness, 207, 209 
Child(ren), chest exposure, 162-64, 179 
conversion factors for, 105, 175 


Child(ren) (cont.) 
exposure guide, 219 


fixed-Kv.P. technique, 197; examples, 


231 
grids or Bucky with, 83 
skull, 168 
Cholesterol stones, contrast for, 132 
Circuit-breaker, fused, 333 
trouble with, 262 
Circulatory system, penetrability, 161 
Cirrhosis of the liver, penetrability, 161 
Classification, for thickness, 205 
Clavicle, fractured, procedure, 144 
high-Kv.P. guide, 237 
thickness, 207 
Cleanliness, in darkroom, 28-29 
Cleanup, grids and, 56 
Clearing time, 32 
Close subject, technique, 180 
Coating, of film, 4 
for Polaroid prints, 11-12 
Cobalt beam, 339 
Cobalt treatment, 344 
Coccidiomycosis, penetrability, 161 
Coin, radiation fog example, 112-13 
Collimators, 42-44, 155 
as beam restrictors, 83 
Colon, 155 
air-contrast view, 229, 241 
exposure guide, 215, 238 
high-Kv.P. technique, 198, 235, 238 
and Kardex, 227 
lesion of, 146 
location of, 155 
radiation dosage, 254 
radiographs of, 130; with grids, 47 
Color, of darkroom, 27 
Color radiography, 8 
Compensation, in converting from grid 
to non-grid technique, 83 
for density, experiment, 72 
Compression, use of, 299 
Compression bands, and measurement, 
160 
Computer, for special procedures, 201, 
204 
Condyles, femoral, procedure, 144 
identified, 307 
Cone(s), 42-43, 155, 339 
allowance for, in exposure, 82 
and fog, 77, 113, 115, 133, 141 
and high Kv.P., 125 
size, 57-58, 223 
Videx, 191 
Constant factors, in exposure, 82 
Contrast, 115-20, 124-25, 134-35, 136- 
39; 152, 173 
with cone, 42 
diagnostic value, 135, 142, 202 
effect of lag, 25 
experimental study, 244-48 


Index 


Contrast (cont.) 


in iodinated studies, 131-32 
and Kv.P., 81, 88, 128, 130, 141, 198, 
231-33 
limitations, 129 
long-scale, 142 
scale, 117-19, 135, 142 
short-scale, 142 
with screen, test, 19-20 
sufficient and excessive, 115, 142 
Contrast media, adjustment for, 210, 
224 
Conversion chart, General Electric, 
189-90 
Conversion curve, Ma.S. vs. Kv.P., 183- 
84 
Conversion factors, for extension 
cylinder, 83 
Ma.S. vs. distance, 99-100 
Ma.S. vs. Kv.P., 87 
Coolidge tube, 189, 335 
Copper, in filters, 44-46 
Coracoid process, procedure, 144 
Correction, in Ma.S., 169 
Cosmic rays, 203 
Cranium, 311 
Crinkle marks, in film 28-30, 294 
Cronex printer, 8 
Cross-hatched grid, 51, 54 
Crown static, 14 
Current, alternating, 328 
direct, 327 
Curve, of sensitometry, 249-50 
Cutoff, off-distance, 51-52 
Cylinder, extension, as beam restrictor, 
conversion factors, 83 
Cystic conditions, penetrability, 161 


Dangers, to operator, 341 
Darkroom, 26-29 
Decimals, 62-63 
table of equivalent fractions, 94, 95 
Definition, 120-21, 124-25, 135-37, 244 
Densitometer, and stepwedge, 16 
Density, 134-37, 153 
with cone, 42 
contrast and, 116, 333-34 
desirable, 106 
development time effect, experiment, 
71 
and distance, 73, 85, 140 
experimental study, 68-69, 74, 244 
factors affecting, 110-15, 250 
how to increase, 301 
indicates exposure, 162 
and Kv.P., 73, 74, 75, 85, 139, 183-84 
and Ma.S., 68, 72, 75-76, 85, 140, 135 
30 per cent rule for, 94 
and time, 140 
Detail, 106, 120-21, 135-38, 153 
with cone, 42 
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Detail (cont.) 
and contrast, 114 
experimental study, 244 
Developer, contaminated, 38, 40 
and contrast, 118-20 
and density, 110 
dilution, 39 
exhausted, 34 
oxidized, 292 
replenishment of, 30 
smears from, 25 
and temperature, 33, 38, 71-72, 294 
troubles, 40-41 
Development, 17, 292-93 
and density, experiment, 71-72 
Diagnostic quality, 135, 205-6 
Diaphragm excursion, procedure, 146 
Digestive system, procedure, 147-48 
Diplomat processor, 22 
Direct exposure, Ma.S. for, 85-86 
Dirt deposits on film, 35-36 
Disc, vertebral, procedure, 145 
Distal, definition, 309 
Distance (focus-film), 152, 301 
with air-gap technique, 239-40 
with angled tube, 100-101 
close, 317 
conversion table, Ma.S., 104 
and density, 140; experiment, 67, 73, 
74 
and detail, 121 
and distortion, 124 
as factor in exposure, 82, 223-24 
with focused grid, 52 
formula, for Ma.S. relation, 93 
and Kv.P., relation, 85 
and Ma.S., 91-93, 99-100, 104 
short, 180 
standardized, for guide, 222 
and x-ray intensity, 90-91 
Distortion, 106, 121, 123-24, 134, 153, 
299 
Dolichocephalic skull, 155 
Dorsal spine, guide, 176, 177, 179 
radiation dosage, 254 
technique, 237, 317 
Dosage, radiation, 129, 203-4, 257, 258 
surface vs. air, 344 
Dosimeter films, 6 
Dryer, 31, 40 
Drying of film, 33 
Duke University Medical Center, research 
in radiation, 203 
Duodenum, 308 
Duplication of radiographs, 6-7 


Echogram, procedures, 198 
Edema, penetrability, 161 
Elbow, exposure guide, 217, 221; 
with screen, 218 
high Kv.P. guide, 236 
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Elbow (cont.) 
procedures, 143 
radial head, 143 
thickness, 207 
Electromagnetic spectrum, 327 
Emaciation, penetrability, 160, 161 
Emphysema, allowance for, 211, 224 
penetrability, 161 
Emulsion, of film, 3-4 
Epigastrium, 309 
Epithelioma, 343 
Equations, 63 
Erythema dose, 343 
Esophagus, 308 
exposure guide, 216; high Kv.P., 238 
procedure, 148 
Estar base, 7 
Evaluation, of radiograph quality, 153 
Ewing’s tumor, penetrability, 161 
Excretory system, procedure, 148 
Exophthalmos, procedure, 146 
Exostosis, penetrability, 161 
Experiment, fluid level, 151-52 
Experiments, basic exposure, 66-80 
Expiration date, for film, 12 
Exposure, 81-82, 135-40 
with angled tube, 101 
charts, early, 186-90; making, 184-85; 
see also Exposure, guides 
compensative, 162 
correct, 136 
direct, 173-74, 223; tables, 86 
and distance, 98-100 
effect on detail, 121 
experiments in, 66-80 
factors in, 84 
fixed Kv.P. system, 195-97 
with grids, 59, 129-30 
guides, 175-79, 240-41; adjustment 
for equipment, 225; direct exposure, 
223: extremities, 216-18, 221; fixed 
kilovoltage, 210-22; formulating, 
210; high kilovoltage, 234-39; at 150 
Kv.P., 237-39; how to use, 223 
Ma.S. values for, 222; with screen, 218 
intensity, 98 
and Kv.P., 84, 125-27; experiment, 80 
latitude, 160; and Kv.P., 128-29, 140; 
and Ma.S., 140; narrow, experiment, 
78-79: wide, experiment, 77-78 
and Ma.S., 84, 98, 126, 140 
with screens, 23, 85-86, 218 
and sensitivity of film, 28 
special, guide, 179 
systems, 201; modern, 195-203 
technique, 104; modern, 195-203 
time of, 153-54; tables, 88, 89; vs. 
Kv.P. 87-88; and distance, 99-100; 
and Ma., 99-100 
Extremities, children, exposure guide, 
221 
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Extremities (cont.) 
exposure guide, 176, 178, 216-18; high 
Kv.P., 236; with screen, 218 
and Kardex, 227 
magnification of, 243 
technique for, 171-72, 197-98 


Face, bones of the, 308 

fracture, 146 

guide, 175 
Factors, in exposure, 81-82 
Fallopian tubes, procedure, 148 
Fat, and Kv.P., 131-32 
Female reproductive system, procedure, 

148 

Femur, 144, 308 

high-Kv.P guide, 237 
Fibrosarcoma, penetrability, 161 
Fibrosis, radiation, penetrability, 161 
Fibula, guide, 217 

procedure, 144 

radiation dosage, 259 
Field size, conversion factors for, 83 
Fifteen per cent rule, 89-90 
Filament, in tube, 337 
Files, Glenn W., 190 
Film, 3-17 

artifacts on, 35-36 

base, 3 

blank, correcting, 37 

color, 8 

contrast, 117, 120 

crinkle marks, 28-30 

dark, 37 

dental, 5 

density, correcting, 38 

dirty, 40 

dosimeter, 6 

not drying, 40 

duplicating, 6-7 

exposure tables, 86 

fine-grain, 4-5 

fogged, 40 

graininess, 244 

grayed-out, 34, 37 

handling, 14 

identification, 15 

industrial, 6 

light, 37 

loading and unloading, 14 

mammographic, 4 

marks on, 293-94 

Medichrome, 8 

non-screen, 86, 174, 291, 294 

outdated, 12 

packing, 12, 14 

Polaroid, 9-12 

regular (non-screen), table, 86; speed, 

291 
and safelight, 28 
screen, exposure table, 86 


Film (cont.) 


sensitivity of unexpired, 28 
sensitometry of, 249-51 
size, appropriate, 223 
speed, 250 
staining of, 293 
static affecting, 14-15 
sticking, 38-39 
storage, 12-15 
streaking, 39, 293 
subtraction, 7-8 
tests, 15-17; experiment, 69-70 
therapy-localizing, 5 
trouble charts, 37-41 
Xerox system, 22 
X-Omat, 5-8 
x-ray, 4-5 
Film-feeding, 31-32 
Filter(s), 44-46 
air, 40 
compensating, 46 
handling, 342 
for hardness, 344 
and radiation dosage, 203 
for safelight, 27-28 
thoreus, 339 
trough, 46 
wedge, 25, 46 
Filtration, 155 
defective, 37 
Fingers, thickness, 207 
Fistulae, in abdomen, procedure, 147 
Fixed Kv.P. technique, 195-97, 202-3, 
205-43 
advantages, 199-200, 204 
constructing charts, 206-210 
examples, 230-31 
experiment for, 206-8 
Ma.S. conversion factors, for children, 
105 
Fixed vs. variable factors, 210 
Fixer, contamination of, 38 
exhaustion of, 39 
pH of, 31 
Fixing, effect of prolonged, 33 
washing after, 29 
Fixing bath, effect of, 4 
Flesh, absorption, and detail, 139 
Fletcher, technique, 197 
Fluid(s), body, 143 
in tissue, adjustment for, 224 
Fluid level, in chest and sinuses, 146 
experiment, 151-52 
Fluorescence, lag, 25 
Fluorescent light, effect on exposure 
time, 93-94 
Fluorescent screens, 22-23 
Fluoroscopy, 341 
with grid, 52 
Foam, in tanks, 39 
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Focal spot, damage and density, 110,112 
and detail, 120-21 
size, 334-35 
Focus, short, effect of, 60 
Focus-film distance, see Distance 
Fog, 18, 134, 292-93 
cones and grids, effect on, 42, 77 
control of, 140-41 
correcting, 37, 40 
in darkroom, 28 
effect of grid, experiment, 76-77 
and high Kv.P., 125 
postexposure, 26-27 
and Ma.S., experiment, 75-76 
secondary radiation, 42, 111-15, 133- 
34 
Foot, exposure guide, 217 
high Kv.P. guide, 237 
procedure, 143, 171 
radiograph of, 196 
thickness, 207 
Foramen magnum, 308 
procedure, 145 
Foramen ovale, procedure, 146 
Foramina, intervertebral, procedure, 
145 
Forearm, exposure guide, 216, 221; 
with screen, 218 
high Kv.P. guide, 236 
procedure, 143 
thickness, 207 
Foreign body, in chest or trachea, 
procedure, 146 
Formula, for time, Kv.P., Ma., and 
distance in exposure, 98 
Fractions, and decimals, 94 
table of decimal equivalents, 94-95 
Fractures, procedures for, 144-45, 147 
Frames, cassette, 21 
Fuchs, Arthur W., 90-91, 125, 191-92, 
195-96, 205, 206 
Fusion, thoracic, procedure, 145 


Gallbladder, 155, 308 
contrast for radiography of, 132 
exposure guide, 175, 177, 215 
fogging of film for, 28 
high Kv.P. guide, 235, 238 
and Kardex, 227 
procedure, 148 
radiation dosage, 254 
radiography, 42 
stones, 132 
Gamma rays, geometric laws for, 123 
Gassy x-ray tube, 37 
Gastrointestinal tract, radiography, 47, 
148, 198, 200 
high Kv.P. guide, 235 
and Kardex, 227 
Gelatin, in film, 4 
Gelatin coat, on rollers, 34 
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Generators, effect on radiographic 
quality, 263 
Genetic mutations, and radiation, 203- 
4 
Geometry, of distortion, 122-24 
and image formation, 134 
Giant cell sarcoma, procedure, 161 
Gianturco, Miller, and Wenks, on 
dosage, 203; filter, 45 
Glass plates, history, 186 
Glenoid fossa, 307 
Gout, procedure, 161 
Gradient, intensification, 24-25 
Graininess, of film, 244 
Graph, in making exposure chart, 184- 
85 
in sensitometry, 249-50 
Green fluorescence, 23 
Grid(s), 155, 195 
absorption, 47, 59 
allowance in conversion, 83 
in Bucky, 46, 48, 58 
characteristics, chart, 55 
and contrast, 129 
conversion factors, 58-59 
crossed, 48, 51, 55 
cutoff, 20, 48-49, 55-57 
and equipment, 54-55 
faulty use, 56 
focused, 52, 54 
and high Kv.P. technique, 54-55, 
125, 233 
high-ratio, 47, 54, 56-57, 200-201 
linear, 51, 55 
misalignment, 56-57 
non-grid, conversion to, 58, 82-83 
off-distance and off-level cutoff, 56 
parallel, 52, 54 
patterns, 51 
ratio, 46-50, 56-57, 200-1 
and secondary radiation fog, 54, 113, 
115; experiment, 76-77 
selection of, 53-54 
stationary, 52; conversion to Bucky, 
58-59 
and stereo shift, 51 
warped, 20-21 
Gridlines, trouble with, 263, 298 
Grounding, of film-loading bench, 15 
Groves, 129 
Guide, for fixed Kv.P. technique, 211- 
221 
for high Kv.P. technique, 234-39 
for variable Kv.P. technique, 174-77; 
rules of formulation, 179; special 
exposures, 179 _ 
Guide marks, scratches on film, 35-36 
Gumma, penetrability, 161 


Habitus, 155 
Half-value layer, defined, 339 
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Hand, exposure guide, 216, 223; high 
Kv.P., 236; with screen, 218 
fracture, 143 
with gout, 165 
procedures, 143 
radiation dosage, 258-59 
radiographs, 107-9, 116 
thickness, 207 
Hand-processing, and darkroom, 27 
Heart, action and motion, 158-59 
enlarged, penetrability, 161 
long focus-film distance for, 302 
motion of, 158-59, 193-94 
position for exposure, 241 
procedures, 146, 147 
Heat in x-ray tube, and Kv.P., 140 
Heel effect, 59-61, 141 
chart, 60 
Hemangioma, penetrability, 161 
Hepatic flexure, 308 
Herpes zoster, therapy, 339 
High Kv.P. technique, 198-200, 202-3, 
231-40 
advantages, 204 
air-gap technique, 239-40 
examples, 233-34 
exposure guide, 234-39 
and motion, 158-59 
highlights, value of, 136 
Hinges, cassette, 21 
Hip, exposure guide, 215, 237 
and Kardex, 227 
magnification, 243 
procedure, 144 
radiation dosage, 254 
thickness, 208 
History of radiographic technique, 
186-204 
Hodges, technique, 194 
Hodgkin's disease, chest, 163 
penetrability, 161 
procedure, 147 
Hospitals, adapting technique from one 
to another, 104-5 
Hot spot, defined, 339 
Humerus, exposure guide, 175 
high Kv.P. guide, 236 
procedure, 143 
Humidity, effect on operator, 27 
Hydrocephalus, radiograph, 165 
Hydropneumothorax, penetrability, 161 
Hypaque, 151 
Hyperparathyroidism, 161 
skull with, 165 
Hypersthenic habitus, 155-56 
Hypo, effect of, 4 
removing, 32 
smears, 25 
Hypochondrium, 309 
Hypogastrium, 309 
Hyposthenic habitus, 155-156 


lleum, 309 
lliac region, 309 
Ilium, 307 
Image, diagnostic, 3 
formation, 134-36 
intensifier, 17 
latent, 3, 17 
reversal of, 29, 31 
Immobilization of patient, 158, 318; and 
detail, 121 
Impulse-time-Ma.S. table, 102 
Impulse timer, 330-31 
Inductance, 325 
Infant, chest, exposure, 179; radiograph, 
227 
conversion factors for Ma.S., 105 
correction factors for exposure, 105, 
175 
exposure guide, 219-22 
skull radiograph, 227 
Inferior, defined, 311 
Injury, procedures to show, 143-49 
Intensity, and inverse square law, 91 
Intercondyloid space, procedure, 144 
Interleaving paper, effect, 12, 14-15 
Interproximal film, 5 
Intestines, 309 
Inverse square law, 90-93, 300 
for distance and density, 72 
for Kv.P. conversion, 85 
for screen exposure, 85 
for secondary radiation, 112 
Involuntary motion, control, 158 
lodinated contrast studies, 131, 200 


Jejumum, 309 
Jerman, early charts, 188-89 


Kardex chart, 179, 226-27 
Keleket chart, 188 
Kelley, 129 
Kidneys, 308, 309 
Kilovolt, defined, 324 
Kilovoltage, 153-54; see also Kv.P. 
adjusting, 209 
as factor in radiography, 224 
and fog, 124 
and generator, 263 
and image, 124 
Knee, in cast, allowance for, 105 
conversion, non-grid to grid, 58 
exposure guide, 217-18, 221-22, 225, 
237; children, 222 
phantom, 16 
procedure, 144, 170 
radiation dosage, 259 
thickness, 208 
views, 169 
K.U.B., exposure guide, 176, 178 
Kv.P. (peak kilovoltage), 132-33, 134-36 
constant, 133, 135 
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Kv.P. (cont.) 

and contrast, 116-17, 137, 139, 141 

conversion with Ma.S., tables, 84 

and density, 85, 139; experiment, 70- 
71, 74 

and distance, conversion, 85, 139, 140 

effective, 173 

as exposure factor, 79, 81-82: ex- 
periment, 79-80 

extending range, 47 

fixed, 133 

and fog, 139 

grid conversion factors, 58 

high, 47, 139-40 

increasing, 107-11; and density, 
experiment, 72 

insufficient, 126-27 

for iodinated contrast, 131-32 

and latitude, 139, 140 

limit to, 129 

and Ma., 85-88, 139; table, 87 

and penetration, 139 

and radiation dosage, 140 

and screen exposures, 85-86 

shift for compensation, 83 


and time, 87-89, 139; 15 per cent rule, 


89-90 
Kyphosis, procedure, 145 
penetrability, 161 


Labyrinth, procedure, 146 
Lag, test for, 25 
Langfeldt, and high Kv.P. technique, 198 
Lapine projection, radiation dosage, 
255 


Latent image, 3, 17 
Lateral, defined, 311 
Lateral dorsal spine, special exposure, 
179 
Lateral projection, stereo, 52 
Latitude, and Kv.P., 128-29, 139, 140 
Law position, 318 
guide, 211 
radiation dosage, 253, 256 
Lead, in cassettes, 18 
Lead foil strips, in grid, 48 
Lead-lined bins, 12 
Leaking, at mixing valve, 41 
Leg, exposure guide, 218, 221 
thickness, 208 
Leprosy, penetrability, 161 
Leukemia, penetrability, 161 
Light leak, 12, 18 
Light source, and distortion, 123 
Light-tightness, of darkroom, 26 
Line voltage, low, 37 
Linear attentuation coefficient, 131-32 
Linear grid, 51 
Line-focus tube, 337 
Liver, 308 
functions, 311 
procedure, 148 
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LogEtronic equipment, 8 
Long-scale contrast, 116-18, 128-29, 
139, 142 
Low Kv.P. technique, 196-98, 201-2 
obsolete, 204 
Lumbar area, 309 
Lumbar spine, children, exposure guide, 
221 
exposure guide, 176, 177, 215, 221; 
high Kv.P., 234-35, 237 
high Kv.P. technique for, 198-200, 
234-35, 237 
magnification, 243 
measuring, 160 
radiation dosage, 254, 257-58 
radiograph, 13 
technique, 145, 170 
thickness, 208 
Lung abcess, penetrability, 161 
Lung cancer, procedure, 147 
Lungs, high Kv.P. guide, 236 
procedure, 146 
Lynch, technique, 197 


Ma., see Milliamperage 
Magnetism, defined, 324-25 
Magnification, 243, 317 
Mahoney, slide rule, 194 
Malar bone, 307 
Malignancy, penetrability, 161 
Malleolus, 307 
procedure, 144 
Malnutrition, allowance for, 210, 224 
Mammography, with Xerox, 22 
Mammography film, 4-6 
Mandible, 307 
child, exposure guide, 221 
exposure guide, 175, 177, 212, 221, 
253 
high Kv.P. guide, 238 
magnification, 243 
procedure, 147 
radiation dosage, 253 
radiograph, 168 
thickness, 208 
Manubrium, 307 
Marble bone, penetrability, 161 
Ma.S. (milliamperes per second), 
134-36 
and contrast, 116 
corrections in, 169 
and density, 85, 94, 135, 140; experi- 
ments, 68-69, 70-71 
and distance, 91-93, 99-100; table, 
104 
and fog, experiment, 75 
grid vs. non-grid conversion, 58-59, 
83 
effect of increasing, 107-11 
high, 84 
with impulses, table, 102 
and Kv.P., 75-76, 85-88, 126, 183 


Ma.S. (cont.) 
and low Kv.P., 126 
meter, 333 
rule of thumb in fixed Kv.P., 75-76 
in screen exposures, 75-76 
and time, tables, 103, 140 
and time and distance, 99-100 


values, computing, 94; and fractions, 


62; for exposure guide, 222 
as variable, 81 
Markers, lead, for radiographs, 15 
Mask, for subtraction film, 7-8 
Mastoid, cells, 308 
children, exposure guide, 220 
exposure guide, 175, 177, 211, 220; 
high Kv.P., 238 
lateral, 167 
magnification, 243 
procedure, 146 
radiation dosage, 256, 257 
Mathematics, 62-65 
Maxillae, 307 
Maxillary, exposure guide, 178 
Maxillary view, radiation dosage, 253, 
257 
Measuring, of patient, 159-60 
Medial, defined, 311 
Mediastinal mass, procedure, 147 
Medichrome film, 8 
Mentovertex view, exposure guide, 
177, 220 
radiation dosage, 253, 256 
Mesocephalic skull, 155-56 
Metacarpal, identified, 308 
Metastasis, allowance for, 210 
penetrability, 161 
Meter, Ma., troubles with, 261-62 
‘r’, 342 
in x-ray machine, 327 
Miliary tuberculosis, penetrability, 161 
Milliamperage, 153-54; see also Ma.S. 
and focus-film distance, experiment, 
67-68 
and time, 84, 98; table, 103 
Milliampere, defined, 324 
Milliampere seconds, 154-55; see a/so 
Ma.S. 
as factor in technique, 224 
Mitral stenosis, procedure, 147 
Moisture, and static, 15 
Morgan-Hodges phototimer, 333 
Motion, 244 
in exposure, 82, 156, 158 
exposure technique for, 192-94 
kinds, 158 
radiograph showing, 159 
Mottle, 12-13, 40 
Mowry, W. W., 190 
Muscle, absorption of x-rays, 135 
and Kv.P., 131-32 
Myeloma, multiple and solitary, 
penetrability, 161 
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Nasal bones, procedure, 147 

Nasal sinuses, see Sinuses 

Neck, procedure, 147 

Necrosis, aseptic, penetrability, 161 
radiation, penetrability, 161 

Negative photography, 3 

Neuroblastoma, penetrability, 161 

New bone, penetrability, 161 

Ninety-second film processing, 31-34; 

see also Automatic processing 

Nomograms, exposure, 181-82 

Non-grid technique, 83 

Non-screen exposure tables, 86 

Non-screen film, 4, 120 

Nose, exposure guide, 212, 238 

Nuclear medicine, technology, 198 


Objective-film distance, detail and 
distortion with, 121, 124 
Occipital view, exposure guide, 177 
Occipital protuberance, defined, 309 
Occlusal, defined, 309 
Occlusal film, 5 
transport of, 31, 33 
Odontoid, magnification, 243 
Olecranon process, 143 
Opacification, for heart, table, 242 
Optic foramen, 168 
magnification, 243 
procedure, 146 
radiograph, 42 
Optic position, guide, 175, 177, 211, 220 
radiation dosage, 253, 257 
Orbital fissure, procedure, 146 
Organs, locating, 155 
Os calcis, exposure guide, 217 
procedure, 144 
radiation dosage, 255, 259 
radiographs, 132 
Oscilloscope, 153 
Osteitis, penetrability, 161 
Osteoma, penetrability, 161 
Osteomyelitis, penetrability, 161 
Osteoporosis, senile, penetrability, 161 
Overexposure, 37, 125, 136 
Overpenetration, 302 


Paget's disease, correction for, 164 
penetrability, 161 
Parietal bone, 309 
Parotid glands, procedure, 147 
Parrafin block, and secondary radiation 
fog, 112-13 
Patella, 308 
fracture, procedure, 144 
high Kv.P. exposure guide, 237 
Pathology, adjustment for, 224 
and penetrability, 161-62 
positions to show, 143-49 
Patient, immobilizing, 158 
intractable, 318-19 
judging the, 155-56 
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Patient (cont.) 
positioning and measuring, 158-59; 
for therapy, 342 
Pediatric radiography, 83 
Pelvimetry, 148 
exposure guide, 216 
Pelvis, 309 
children, exposure guide, 221; radio- 
graphs, 228-31 
exposure guide, 176-78, 214, 215 
fracture, procedure, 144 
high Kv.P. guide, 235-37 
and Kardex, 227 
procedure, 144 
radiation dosage, 254, 258 
radiographs, 127 
thickness, 208 
Penetration of x-rays, 106, 139, 327, 337 
and Kv.P., 81, 106-9 
Penumbra, and detail, 121, 244 
Percentages, 63-64 
Periapical film, 5 
Peristalsis, and motion, 159 
Petrosae, procedure, 146 
Petrous bone, 307 
exposure guide, 175, 177, 220 
PH, of fixer, 31 
Phalanges, radiograph, 132 
Phantoms, for testing, 15-16, 47 
Pharynx, procedure, 147 
Phosphors, 22-23 
Photofluorography, 23 
Photograph, long- and short-scale 
contrast, 142 
Photographic effect, experiment, 80 
formula, 98-99 
Photography, 3 
Phototimer, 201, 204, 333 
Physique, judging, 155 
Pi-lines, on film, 35-36, 40 
Placenta, exposure guide, 179, 197-98; 
high Kv.P., 235 
and Kardex, 227 
radiation dosage, 255, 259 
Plaster cast, correction for, 104 
of knee, 105 
with screen, 218 
technique for, 174 
Pleural effusion, penetrability, 161 
Pneumoconiosis, penetrability, 161 
Pneumonia, penetrability, 161 
Pneumoperitoneum, penetrability, 161 
Pneumothorax, penetrability, 161 
Polaroid process, 3, 9-12 
nomograms for exposure of TLX film, 
180-82 
Port of entry, and detail, 121 
Portable x-ray machine, and grids, 55 
Positioning the patient, 159-60 
Positions, routine, to show pathology, 
143-49 
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Positive photograph, 3, 11 
Pregnancy, 47 
exposure guide, high Kv.P., 235, 239 
procedure, 148 
Primary radiation, 111 
Prime factors of radiography, 203 
Procedure, routine, 143-49 
special, 228-31 
Processing, 26-41 
manual necessary, 174 
Projection, how to standardize, 223 
Proportion, mathematical, problems, 65, 
92-93 
Prostate, procedure, 148 
Protractors, 155 
Punchcards, in exposure technique, 201 
Pus, allowance for, 210, 224 


‘r’ units, and meter, 342 
Radiation, dosage, 230-4; from soft 
x-rays, 44-45; and Kv.P., 129, 133, 
140 
dose to skin, table, 252-55, 256-59 
primary vs. remnant, 300, 337 
protection from, 341 
recording quantity and quality, 342 
remnant, 3, 111-15, 135 
safe, 341 
secondary, see Secondary radiation 
Radiation fibrosis, penetrability, 161 
Radiation necrosis, penetrability, 161 
Radiation sickness, 339, 343 
Radiograph, 153, 244-45 
checklist for quality, 304-5 
experiment with skull, 244-48 
history of technique, 186-204 
producing a, 81-105 
test, 195 
trouble chart, 262 
Radiography, 3, 134-42 
cassetteless, 22 
historical charts, 188-89 
Radiolucent material, 18 
Rapido transport, 22 
Ratio and division, problems, 64-65 
Rays, hard and soft, 327 
scattered, 341 
Reciprocity law, and exposure, 92-93 
Recirculation, defective, 39 
Rectification of current, 328 
Reed, technique, 194 
Reeves, technique, 198 
Regular film, for radiographs, 4, 136, 138 
Renal pelves, 148 
Replenishment, 30-31, 34, 38, 39 
Respiration, motion effects, 158-59, 319 
Rinehart, D., 190-91 
diaphragms, 191 
Rhombic grid, 51, 54 
Ribs, 311 
exposure guide, 175; high Kv.P., 239 
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Ribs (cont.) 
fracture, simulated by fog, 27 
procedure, 144 

Roll film, loading, 31-32 

Rollins, 186 

Routine views, procedure, 143-49 


Sacroiliac articulation, 308 
Sacroiliac joint, arthritis, procedure, 145 
Safelight, 27-28, 292 
Sagittal plane, 309 
Samuel, 199 
Sante, L. R., and technology, 191 
Scaphoid, procedure, 143 
Scapula, procedure, 144; guide, 175 
Scar-bone, penetrability, 161 
Schonander, technology, 201 
Schwarz, technology, 194 
Sclerosis, allowance for, 210, 224 
penetrability, 161 
Scoliosis, procedure, 145 
Scotch tape, 31-32 
Screen(s), 155, 244 
books, multisection, 24 
compensation for, 174 
contact, 19 
and detail, 23, 25, 121, 302 
exposure with, 82, 85-36, 92-93; 
tables, 86, 223 
film, contrast, 120 
grid, exposure, 223 
high-speed, 23-25 
intensifying, 22-25, 290-91 
medium-speed, 23-24 
radiograph with, 138 
reciprocity law with, 93-94 
slow-speed, 24 
speed, 23-25 
Secondary radiation, 111-15, 200-201 
and cone, 42 
fog, 78, 133-34, 141; and Ma.S., 
experiment, 75 
grid effect on, 54, 59, 76, 129 
trapping, 48 
Seemann, 47, 129 
Sella, procedure, 146 
Sensitivity, of unexposed film, 28 
Sensitometry, 249-51 
Shadow formation, geometry of, 122-23 
Shearer’s formula, 188-89, 191 
Shift of tube, in stereoradiography, 50 
Short-scale contrast, 116-17, 123-29, 
139, 141-42 
Shoulder, children, exposure guide, 222 
exposure guide, 175, 177, 178, 211-12, 
217, 222; high Kv.P., 236 
magnification, 243 
procedure, 144 
radiation dosage, 255, 259 
radiograph, 126 
thickness, 207 


Sickness, radiation, 339 
Siderosis, penetrability, 161 
Sigmoid flexure, 308 
Silicosis, penetrability, 161 
Silver, in latent image, 17 
in Polaroid process, 11 
recovery, 29-30 
Silver bromide, in film, 3-4 
Sinuses, 311 
children, exposure guide, 220 
exposure guide, 175, 178, 212; high 
Kv.P., 238 
and Kardex, 227 
magnification, 243 
procedure, 146 
radiation dosage, 253, 257 
in stereo, 51-52 
thickness, 208 
Skin, and contrast scale, 118 
effects of x-rays on, 135, 338 
Skin lesion, therapy, 339 
Skull, 155-58 
arterial system of, 146 
child’s, exposure guide, 220-21; 
view, 168 
experiments in projection, 244-48 
exposure guide, 175, 177, 178, 211-12, 
221, 223, 225; high Kv.P., 238 
formulating technique for, 210 
fracture, procedure, 145 
habitus types, 155 
high Kv.P. technique, 198-99 
and Kardex, 227 
lateral, making chart for, 166-70: views, 
84, 86, 165, 167 
low Kv.P. technique, 198-99 
phantom, 16 
radiation dosage, 252-53, 256 
radiographs, 88, 96-97, 110-11, 
136-37 
thickness of, 208 
tumor, procedure, 145, 146 
Slauson, 129 
Slide rule, circular, 193 
Smudge static, 14-15 
Sodium carbonate, in developer, 119-20 
Sodium hydroxide, in developer, 120 
Spasm, 158-59 
Sphenoid, exposure guide, 175, 177, 
211, 220 
projection, stereo, 52 
radiation dosage, 253, 257 
Spine, 311 
exposure guide, 176, 177, 214-15 
and Kardex, 227 
nathology shown, 228-29, 231 
procedure, 144 
radiograph, 228 
tumor, procedure, 145 
Spinning top, and timer, 21, 152, 337-38 
Spleen, 148, 308 
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Splettstosser, 47, 129 

Spot exposures, 318 

Stains, on screens, 25 

Static marks, 14-15, 294 

Stenvers position, 168, 318 
exposure guide, 175, 177, 211, 220 
radiation dosage, 253, 257 

Step wedge, for tests, 15-17 
in Kv.P. experiment, 141-42 


Sternoclavicular articulation, procedure, 


144 
Sternum, close subject-tube technique, 
180 
low-voltage technique, 196 
exposure guide, 177 
procedure, 144 
Stereoradiography, 15, 49-52, 298 
of thorax, 50-51 
shift, and grids, 51 
Stereoscopic tube shifts, 53 
Sthenic habitus, 155-56 
Stomach, 155 
exposure guide, 179; high Kv.P., 238 
procedure, 148 
radiation dosage, 255, 259 
rapid exposure for, 301 
Stone, gallbladder, contrast for, 132 
Streaks, on film, 39-40 
Styloid, temporal, procedure, 146 
Submaxillary gland, procedure, 147 
Superior, defined, 311 
Symphysis, of mandible, procedure, 147 
Symphysis pubis, 309 
Syphilis (gumma), penetrability, 161 


Tanks, 292 
Target, rotating, pitting of, 334 
Technique, defined, 152; limitations, 
194-95 
Technique charts, limitations of, 209-10 
Technologist, defined, 204 
Techron, machine, 190 
Teeth, 308 
Temperature, and density, 33-34, 71-72 
Temperature chart, as example for 
sensitivity curve, 249-50 
Temporal bone, 307 
Temporomandibular articulation, 
procedure, 147 
Test radiographs, 195 
Therapy, x-ray, 338-39, 341-44 
Thickness, average ranges, 207, 222 
Classification, 205 
compensation in Kv.P. for, 81, 82 
exposure for, 162 
measurement, 160 
rule for uneven thickness, 141 
tissue, and secondary radiation fog, 
113-15 
Thigh, thickness, 208 
Thiosulfate, see Hypo 


380 


Thomas position, exposure guide, 211 
radiation dosage, 252, 258 
Thoracic spine, children, exposure 
guide, 221 
exposure guide, 177, 215, 221; high 
Kv.P., 234 
lateral, technique for, 170 
magnification, 243 
procedure, 145 
radiograph, and anode heel effect, 61 
thickness, 208 
Thoracoplasty, penetrability, 161 
Thorax, 309 
measurement, 160 
stereoradiography of, 50-51 
Thoreus filter, 339 
Three-phase unit, checking, 21 
Thumb, thickness, 207 
Tibia, 308 
exposure guide, 217 
procedure, 144 
radiation dosage, 255, 259 
Tibiofibular articulation, procedure, 144 
Time, clearing, 32 
and density, 140 
of development, and density, experi- 
ment, 71-72 
and distance and Ma., 99-100 
as exposure factor, 81-82 
and Kv.P., 87-88; 15 percent rule, 
89-90: tables, 88, 89 
and Ma., table, 103 
of treatment, 343-44 
Timer, checking, 21, 337 
Timing, with cassette, 18 
Tissue, absorption, 160 
classification, 160-62 
measurement, for radiation dose table, 
256-58 
thickness, classes of, 172 
Toes, procedure, 143 
radiographs of, 130, 132 
Tone, defined, 135 
value, 136-38 
Towne position, 318 
exposure guide, 211, 234 
Trachea, procedure, 146 
Transformer, 325-26 
Coolidge, 333 
and Kv.P. adjustment, 82 
Transport of film, 30-32 
Tree static, 14, 29 
Tremor, and motion, 158-59 
Trochanter, identified, 308 
Trouble chart, for film, 37 
for x-ray unit, 260-63 
Trough filter, 46 
Trout, 44-47, 129 
Tube, alignment, 59, 61 
angling, 101 
Tube-rating chart, 154 


Tuberculosis, penetrability, 161 
Tuberosities, 307 
Tumor, procedure, 145, 147 


Underexposure, 37, 125-27, 136 
Underpenetration, 302 
Unit system of exposure, 194 
Ureters, 309 
Urethra, 309 

procedure, 148 
Urinary tract, 309 


Valve tube failure, 37 
Van Dijk, 191 
Variable factors for radiography, 81-82 
Variable Kv.P. method, 153-85, 201-2 
chart, 166-77, 197-98 
children, conversion factors, 105 
rule of chart formulation, 179 
Veins, in tibia-fibula, procedure, 144 
Venograms, 25, 242 
Ventilation, of darkroom, 27 
Vertebrae, 311 
procedure for, 144, 145 
thickness, 208 
Vertex position, exposure guide, 173 
radiation dosage, 234 
Videx cone, 191 
Viscera, view, 149-50 
Volt, 324 
Voltage, see Kv.P. 
for x-rays, 326 
Voluntary motion, 158 


Warren, 192 

Washing, in processing, 32 
improper, 34, 38, 39 

Wasson, W. W., 192-94 

Water, in processing, 40-41 

Water spots on film, 294 


Index 


Waters-Waldron position, 317-18 
exposure guide, 175, 177 
stereo, 52 

Watson, air-gap technique, 239 

Wave length, 326-27, 343 
and contrast, 117-18 
and density, 141 
and penetration, 106, 139 

Wedge filter, 46-47, 344 

Wilsey, 46-47, 129 

Wratten filter, 27-28 

Wrist, exposure guide, 216, 221; high 

Kv.P., 236; with screen, 218 
procedure, 143 
thickness, 207 
Wynroe, formula, 191 


Xerox radiography, 22 

X-Omat, 5-8 

X-ray film, 4-5, 32; see also Film 

X-ray machine, 327-28 
portable, with grids, 55 

X-ray therapy, 338-39 

X-ray tube, double focus, 334 
hot cathode, 335; and Kv.P., 140 
rotating target, 334 

X-ray unit, trouble chart, 260-63 

X-rays, 134-35 
effect on exposed film, 28 
geometric principles of, 123 
intensity, and distance, 90-91; 

measuring, 59-60 

penetrating power, 106-9 
properties, 326, 336-37 
soft, effects, 44-45 

Xyphoid process, 309 


Zinc sulfide, phosphor, 23 


Zygoma, 307 
Zygomatic arch, procedure, 147 
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JOHN B. CAHOON 


Occasionally a man walks into and up through a profession to its top 
rung, imbued with a sincerity and dedication that spread out to engulf 
all with whom he comes in contact. Such a man, determined to learn 
and teach the fundamental truths of his field, touches the lives of 
countless thousands and can kindle the spark that elevates the stand- 
ards and stature of his whole profession. Such a man was John 
Cahoon. 


He knew that to teach technology one must first be a technologist. 
He knew that to be a technologist one must have a sound understand- 
ing of the basic fundamentals of technology. To these ends he di- 
rected his life's effort—lecturing, teaching, writing—serving tech- 
nology wherever his knowledge and talents could be helpful to an 
individual or a multitude. 


John Cahoon was an educator—a teacher, a leader. He knew that the 
teacher must never cease to learn, and wherever his travels took him 
he sought knowledge—bits of information he might carry with him 
and share. To him his writing was a basis for study and understanding 
for students, and a repository of information and a reference work for 
experienced technologists. 


It is the good fortune of teachers and students that this edition of his 
text was completed before his untimely death. It is an extension of his 
lifetime of service in the education of those who now follow him. 


He stood and spoke out for what he believed was right for technology. 
No one can ever replace him—in his profession, in the regard and 
affection of the thousands for whom he did so much, or in the hearts 
of his friends. 


Clark Warren 
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